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ABSTRACT	
	
AN	ADAPTIVE	MANAGEMENT	PLAN	FOR	THE	NATURAL	LANDS	SECTION	OF	
MORRIS	ARBORETUM	OF	THE	UNIVERSITY	OF	PENNSYLVANIA		
	
Tracy	Beerley	
Ann	F.	Rhoads,	Ph.D.,	Primary	Reader	
	
The	Morris	Arboretum	of	the	University	of	Pennsylvania	is	a	public	garden	and	
educational	institute	located	in	the	northwest	corner	of	Philadelphia	County,	Pennsylvania.	
This	project	has	assembled	an	adaptive	management	plan	for	the	Natural	Lands	Section	of	
Morris	Arboretum.	The	framework	for	an	adaptive	management	plan	includes	the	following	
steps:	(1)	assessment	of	the	current	status	of	the	site;	(2)	determination	of	future	desired	
conditions	with	measurable	objectives;	(3)	design	and	implementation	of	ways	to	
accomplish	desired	objectives;	and	(4)	monitoring	and	evaluation.			
Physical	conditions	including	geology,	hydrology,	soils	and	topography	were	
obtained	to	gain	information	about	the	Natural	Lands	Section.		A	botanical	survey	of	the	
canopy,	understory	and	herbaceous	layers	was	conducted	to	gather	baseline	data	on	the	
abundance	and	diversity	of	plant	species.		With	existing	knowledge	and	data	gained	
through	the	survey,	descriptions	of	the	desired	conditions	with	measurable	objectives	were	
described	in	moderate	detail.	Monitoring	and	evaluation	is	a	critical	component	of	an	
adaptive	plan,	however	the	timeline	for	the	task	is	beyond	the	scope	of	this	project.	The	
results	of	this	project	further	reveal	the	ecological	issues	associated	with	an	urban	
landscape	disturbed	by	the	negative	impacts	from	overpopulation	of	deer	and	invasive	
plant	species.		Overall,	this	project	has	assembled	an	adaptive	management	plan	for	a	
variety	of	purposes	including	operational	management,	planning,	and	fundraising	for	future	
development.			
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INTRODUCTION	
	
“Morris	Arboretum	of	the	University	of	Pennsylvania	is	a	historic	public	garden	and	
educational	 institute.	 It	 promotes	 an	 understanding	 of	 the	 relationship	 between	
plants,	 people	 and	 place	 through	 programs	 that	 integrate	 science,	 art	 and	 the	
humanities.	 	 The	 Arboretum	 conducts	 four	 major	 activities:	 education,	 research,	
outreach,	and	horticultural	display.		As	the	official	Arboretum	of	the	Commonwealth	
of	 Pennsylvania,	 the	Morris	Arboretum	of	 the	University	 of	 Pennsylvania	 provides	
research	 and	 outreach	 services	 to	 state	 agencies,	 community	 institutions	 and	 to	
citizens	of	Pennsylvania	and	beyond.”		
‐Mission	Statement	(Morris	Arboretum,	2014)	
	
Purpose,	Scope,	and	Context	for	the	Project	
In	my	position	as	 the	McCausland	Natural	Lands	Horticulturist,	 I	have	recognized	a	
critical	need	for	a	management	plan	to	guide	maintenance	and	planning.		I	have	assembled	
an	 adaptive	management	 plan	which	 includes	 the	 following	 steps:	 (1)	 assessment	 of	 the	
current	status	of	the	site;	(2)	determination	of	future	desired	conditions	with	measurable	
objectives;	 (3)	 design	 and	 implementation	of	ways	 to	 accomplish	desired	 objectives;	 and	
(4)	monitoring	and	evaluation.			
The	focus	area	for	this	management	plan	is	the	Natural	Lands	Section	of	the	Morris	
Arboretum	of	the	University	of	Pennsylvania.			The	management	units	of	the	Natural	Lands	
Section	 include:	 Bald	 Cypress	 Woods,	 Meadow/Field,	 Penn’s	 Woods,	 Riparian	 Corridor,	
South	Woods,	Wetlands	 and	Wetland	Woods.	 	 The	management	 plan	will	 be	 useful	 for	 a	
variety	of	purposes	including	operational	management,	planning,	and	fundraising	for	future	
development	of	the	Natural	Lands	Section.			
Site	Location	and	Ecological	Context	
The	 Morris	 Arboretum	 is	 a	 Victorian	 Estate	 Garden	 and	 educational	 institution	
located	in	the	northwest	corner	of	Philadelphia	County,	comprising	167	acres,	including	the	
public	garden	and	Bloomfield	Farm.	Map	1	is	an	overview	of	Morris	Arboretum	within	the	
Wissahickon	Watershed.	The	Natural	Lands	Section,	situated	on	approximately	35	acres	of	
the	Arboretum,	serves	as	 the	entrance	corridor	and	a	portion	of	 the	garden	perimeter.	 It	
encompasses	 forest,	meadow,	 turf	and	wetland	areas.	The	section	 is	bounded	by	Stenton	
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Avenue,	Northwestern	Avenue,	the	Arboretum	service	road	and	a	natural	border	provided	
by	the	Wissahickon	Creek.	The	predominant	land	use	of	the	surrounding	area	is	residential	
with	a	forested	corridor	to	the	east	provided	by	Philadelphia’s	Fairmount	Park.	
We	can	speculate,	based	on	old	written	records	and	herbarium	specimens,	what	the	
landscape	 that	 the	Arboretum	now	occupies	was	 like	 in	 the	 past.	 	 But,	 even	 if	we	 had	 a	
detailed	picture	of	the	former	vegetation,	too	much	disturbance	has	occurred	to	be	able	to	
restore	 the	 landscape	 to	 what	 it	 once	 was.	 However,	 Arboretum	 efforts	 in	 native	 plant	
restoration	have	placed	the	Natural	Lands	Section	in	the	forefront.	 	The	goal	should	be	to	
create	a	 landscape	which	relies	on	native	plants	and	is	compatible	with	adjacent	forested	
landscapes	such	as	the	Wissahickon	Valley.		
Purpose	of	Adaptive	Management	Plan	
An	adaptive	management	plan	is	typically	described	as	a	six	step	process	including	
assess,	 design,	 implement,	 monitor,	 evaluation	 and	 adjust.	 	 	 Adaptive	 management	 is	 a	
systematic	 approach	 for	 improving	 resource	management	by	 learning	 from	management	
outcomes.	 	 It	 involves	 exploring	 alternative	 ways	 to	 meet	 a	 management	 objective;	
predicting	 the	 outcomes	 of	 alternatives	 based	 on	 the	 current	 state	 of	 knowledge,	
implementing	 one	 or	 more	 of	 these	 alternatives,	 monitoring	 to	 document	 the	 effect	 of	
management	 actions,	 and	 then	 using	 the	 results	 to	 update	 knowledge	 and	 adjust	 future	
actions.	
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Assessment	of	the	Current	Status	of	the	Natural	Lands	Section:	Physical	Conditions	
Hydrology	
The	 Morris	 Arboretum	 is	 located	 within	 the	 Wissahickon	 Watershed,	 which	
encompasses	 a	 64	 square	mile	 drainage	 area.	 The	Wissahickon	Creek	 stretches	 22	miles	
from	the	headwaters	in	Montgomeryville	to	its	confluence	with	the	Schuylkill	River.		Paper	
Mill	Run,	 a	 small	 tributary	of	 the	Wissahickon	Creek,	 flows	 through	 the	 floodplain	 at	 the	
Arboretum.	 Portions	 of	 the	 Natural	 Lands	 Section	 lie	 within	 the	 floodplain	 and	 are	
susceptible	to	flooding	at	varying	degrees	depending	on	storm	severity.	 	Typically,	during	
heavy	rains	the	Wissahickon	Creek,	due	to	its	narrow	valley	and	restricted	floodplain,	backs	
up,	flooding	Paper	Mill	Run	and	overflowing	onto	the	Arboretum	floodplain.		Management	
units	which	are	affected	by	flooding	include:	Bald	Cypress	Woods,	Meadow/Fields,	Riparian	
Corridor,	 South	 Woods,	 Wetlands	 and	 Wetland	 Woods.	 Map	 3	 contains	 details	 on	 the	
hydrology	including	the	streams	and	flood	lines	within	the	site.			
Geology	and	Soils	
The	Morris	Arboretum	is	situated	in	the	Piedmont	physiographic	province,	between	
the	 Atlantic	 Coastal	 Plain	 and	 the	 foothills	 on	 the	 eastern	 side	 of	 the	 Appalachian	
Mountains.	 The	 region	 stretches	 from	 New	 Jersey	 to	 Alabama,	 and	 is	 defined	 by	
characteristics	including	low,	rolling	hills	and	a	complex	geology.		The	Arboretum	is	located	
on	four	major	geological	 formations:	Conestoga	Limestone,	Chickies	Quartzite,	Gneiss	and	
alluvium	(USDA:	NRCS	2013).		The	Arboretum	entrance	and	Bloomfield	Farm	lie	within	the	
Whitemarsh	 Valley	 which	 is	 underlain	 by	 limestone	 of	 the	 Conestoga	 Formation	 and	
dolostone	of	the	Ledger	Formation.		The	soils	on	these	formations	are	almost	neutral	with	a	
pH	between	6.5	and	7.5	and	are	rich	in	essential	nutrients	including	calcium,	phosphorus	
and	potassium	(USDA:	NRCS	2013).	 	Chickies	Quartzite	was	 formed	during	 the	Cambrian	
Period	over	550	million	years	ago	 (USDA:	NRCS	2013).	 	 It	 is	 a	very	hard	 rock	and	highly	
resistant	 to	 weathering	 thus	 forming	 a	 high	 point	 in	 the	 land.	 This	 prominent	 ridge	
stretches	through	the	garden	in	an	east	–west	direction.		At	the	highest	point	along	the	trail	
in	 Penn’s	Woods	 the	 bedrock	 protrudes	 along	 steep	 slopes	 overlooking	 the	Wissahickon	
Creek.			This	natural	feature	provides	a	beautiful	view	and	gathering	area	for	small	groups.		
Chickies	Quartzite	weathers	slowly	 to	produce	sandy,	acidic	soil	which	 is	 reflected	by	 the	
native	oak,	beech	and	hemlock	forest	it	once	supported.			Gneiss,	formed	approximately	one	
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billion	years	ago	during	the	Precambrian	Period,	is	the	underlying	geology	at	the	southern	
edge	of	the	garden.	 	Bands	of	alluvial	soil	 lie	along	the	Wissahickon	Creek	and	Paper	Mill	
Run.		Map	3	shows	the	underlying	geology	and	contours	within	the	site.			
Several	soil	types	occupy	the	Natural	Lands	Section	and,	as	expected,	correlate	with	
the	underlying	geology.	The	predominate	soil	types	are	Codorus	silt	loam	(Ch)	and	Hatboro	
silt	 loam	 (Ha),	 which	 	 occupies	 a	 large	 portion	 of	 the	 floodplain,	 and	Manor	 loam	 (Ma),	
which	 occupies	 the	 majority	 of	 the	 upland	 area	 including	 Penn’s	 Woods	 (USDA:	 NRCS	
2013).	 	 Map	 3	 depicts	 the	 soils	 within	 the	 site.	 	 Table	 1	 lists	 the	 present	 soil	 types	 and	
describes	 characteristics	 and	 predominance	 within	 the	 Natural	 Lands	 Section	 (USDA: 
NRCS 2007).		
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Table	1:	Soil	Description	of	Natural	Lands	Section	
Soil	
Sym.	
Soil	Series‐	
Typical	Pedon	
Taxonomic	
Group	
Parent	Material	 Use	or	Vegetation	 Drainage	 pH	 Cover	
(%)	
Ch	 Codorus	Series‐	
Codorus	silt	
loam	
Mesic	
Fluvaquentic	
Dystrudepts	
Formed	in	recently	
deposited	alluvial	
material	from	upland	
soils	materials	
weathered	from	
mostly	metamorphic	
and	crystalline	rocks	
Mostly	cultivated	or	in	pastures;	others	are	wooded,	
mostly	mixed	hardwoods;	and	few	in	non‐agricultural
Moderate	to	
poorly	drained	
5.7	 38	
Ha	 Hatboro	Series‐	
Hatboro	silt	
loam	
Mesic	
Fluvaquentic	
Endoaquepts	
Formed	in	alluvium	
derived	from	
metamorphic	and	
crystalline	rock	
Mostly	in	pasture;	woodland,	mixed	hardwoods;	
cropland	
Poorly	drained	 6	 16	
CeA	 Chester	Series‐	
Chester	silt	loam	
Mesic	Typic	
Hapludults	
Formed	in	materials	
weathered	from	mica	
schist	
Mostly	used	in	farming;	Native	vegetation	is	red	oak,	
white	oak,	tulip	poplar	and	hickory	
Well	drained	 5.5	 10	
MaD	 Manor	loam	 Mesic	Typic	
Dystrudepts	
Residuum	weathered	
from	mica	schist	
Major	use	is	cropland,	woodland,	and	urban	
development.	Dominated	vegetation	where	wooded	is	
black	oak,	chestnut	oak,	red	oak,	white	oak,	hickory,	
yellow	poplar,	red	maple,	shortleaf	pine	and	Virginia	
pine	
Well	drained	 4.9	 8	
CeB	 Chester	Series‐	
Chester	silt	loam	
Mesic	Typic	
Hapludults	
Residuum	weathered	
from	mica	schist	
Upland,	mostly	used	in	farming.	Native	vegetation	is	
red	oak,	white	oak,	tulip	poplar	and	hickory	
Well	drained	 5.5	 7	
DsB	 Duffield	Series‐	
Duffield	silt	
loam	
Mesic	Ultic	
Hapludalfs	
Formed	in	residuum	
from	limestone	
bedrock	
Mostly	cultivated	to	general	farm	crops.	A	small	
acreage	is	in	woodlots	of	mixed	oak.		
Well	drained	 6.2	 7	
LgA	 Lawrenceville	
silt	loam	
Mesic	
Oxyaquic	
Fragiudalfs	
Formed	in	silty	
transported	materials	
Largely	cleared	and	in	cropland;	woodlands	are	oak‐
hickory	mixed	hardwoods	
Moderately	
well	drained	
soils	
5.5	 6	
MaC	 Manor	loam	 Mesic	Typic	
Dystrudepts	
Residuum	weathered	
from	micaceous	schist	
Major	uses	cropland,	woodland	and	urban	
development;	where	wooded‐	black	oak,	chestnut	
oak,	red	oak,	hickory,	yellow	poplar,	red	maple,	
shortleaf	pine	and	Virginia	pine	
Well	drained	 4.9	 3	
(USDA: NRCS 2007) 
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Assessment	of	the	Current	Status	of	the	Natural	Lands	Section:	Biological	Conditions	
Botanical	Survey	Methodology	
A	botanical	survey	was	conducted	to	determine	plant	diversity	and	composition	of	the	
canopy,	understory	and	herbaceous	cover	of	the	Natural	Lands	Section.		A	plot‐less	method	
was	employed	for	the	canopy.	Between	November	2013	and	November	2014	each	tree,	 in	
the	Natural	Lands	Section,	with	a	diameter	at	breast	height	(DBH)	greater	than	12	cm,	was	
identified	to	species,	measured	for	DBH,	tagged	with	a	unique	number,	and	plotted	with	a	
GPS	device.	Trees	are	shown	in	Map	5.		
Understory	 and	herbaceous	 cover	was	 inventoried	utilizing	 fifty	 randomly	 located	
100	 m2	 plots,	 refer	 to	 Map	 4	 for	 the	 location	 of	 these	 plots.	 The	 plots	 were	 surveyed	
between	March	and	September	2014.		Plot	center	points	were	marked	with	metal	rebar	and	
located	 with	 GPS.	 The	 understory/shrub	 layer	 was	
quantified	by	estimating	percent	 cover	of	woody	plants	
less	 than	 12	 cm	DBH	 and	more	 than	 1	m	 in	 height	 for	
each	species	present.		
The	 inventory	 of	 herbaceous	 plants	 (including	
small	woody	 species	 less	 than	 1	m	 tall)	was	 conducted	
within	 ten	 1m2	 square	 plots	 nested	within	 the	 100	m2	
understory	 plots.	 	 The	 plots	 were	 aligned	 along	 the	
north‐south	axis	of	the	larger	plot	as	shown	in	Figure	1.	
Within	each	plot	all	plants	less	than	one	meter	tall	were	
identified	 and	 percent	 cover	 of	 each	 species	 was	
estimated.		
Botanical	Survey	Calculations		
Relative	 importance	 value	 (RIV)	 was	 calculated	 for	 the	 canopy/tree,	
understory/shrub	and	herbaceous	species.	The	data	are	included	in	Appendix	3:	Botanical	
Survey	2014‐	Trees,	Appendix	4:	Botanical	Survey	2014‐Understory/Shrubs,	Appendix	5:	
Botanical	 Survey	 2014‐Herbaceous	 Data,	 Bald	 Cypress	 Woods,	 Penn’s	 Woods,	 Riparian	
Corridor,	South	Woods,	Wetlands,	Wetland	Woods.	
The	 canopy,	 understory/shrub	 and	 herbaceous	 cover	 data	 were	 organized	 by	
management	unit.	 	To	determine	current	conditions	of	a	management	unit,	 consideration	
N 
Figure	1:	Layout	of	understory	
and	herbaceous	plots	
1m2
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was	 directed	 towards	 plants	 with	 the	 greatest	 RIV’s	 and	 the	 occurrence	 of	 nonnative	
invasive	plants	and	native	plants.		Further	interpretation	including	disturbance	and	future	
outlook	could	then	be	used	to	determine	realistic	management	goals	and	future	action.	
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RESULTS	
	
Determination	 and	Description	of	 Future	Desired	Conditions	with	Measurable	Objectives	
for	the	Natural	Lands	Section	by	Management	Unit	
	
Desired	 future	 conditions	 of	 the	 Natural	 Lands	 Section	 include	 (1)	 increased	
abundance	 and	 diversity	 of	 native	 plant	 species;	 (2)	 reduced	 nonnative,	 invasive	 plant	
species;	(3)	increased	understory	layer	of	native	plant	species;	and	(4)	maximized	function	
and	display	of	a	variety	of	habitat	 types.	These	objectives	can	be	assumed	as	 the	desired	
conditions	for	all	of	the	sections	within	the	Natural	Lands	discussed	below.		
A	table	has	been	assembled	to	guide	the	timing	of	management	actions	for	2015.	It	
also	 briefly	 lists	 potential	 projects	 for	 the	 upcoming	 year.	 	 This	 table	 can	 be	 found	 in	
Appendix	5:	Management	Action	Plan	and	Proposed	Projects	2015.	The	projects	listed	can	guide	
a	deeper	discussion	in	February	during	the	horticulture	section	reviews	with	the	Director	
of	 Horticulture	 and	 Chief	 Horticulturist.	 	 Financial	 support	 outside	 of	 the	 regular	
operational	 budget	 is	 required	 for	 some	 of	 the	 proposed	 projects.	 For	 simplicity	 an	
estimated	dollar	amount	 is	 included	to	 indicate	 the	scale	of	 the	project.	 It	 is	displayed	as	
hundreds	 of	 dollars	 ($),	 thousands	 of	 dollars	 ($$)	 or	 hundreds	 of	 thousands	 of	 dollars	
($$$).		
Desired	future	conditions	have	been	recommended	based	on	current	knowledge	of	
site,	 physical	 conditions,	 goals	 and	 feasibility	 of	 the	Natural	 Lands	 Section.	 	 The	 desired	
conditions	 should	 be	 used	 to	 identify	 projects	 and	 prioritize	 yearly	management	 actions	
which	should	be	discussed	at	the	beginning	of	each	year.		Refer	to	Map	2	for	a	layout	of	the	
management	units.		
	
	
	
	
	
	
	
	
 
 
17 
 
Management	Unit:	Bald	Cypress	Woods	
Site	Overview	
Several	 characteristics	make	 the	Bald	Cypress	Woods,	 seen	 in	Figures	2‐5,	unique	
within	the	Natural	Lands	Section	and	possibly	the	Wissahickon	Valley.		Taxodium	distichum	
is	a	finely	textured	deciduous	tree	with	a	somewhat	poorly	understood	adaptation	referred	
to	as	knees,	which	protrude	out	of	the	mucky	earth	in	which	it	grows,	as	seen	in	Figure	3.	
This	 species	 grows	 naturally	 within	 the	 Atlantic	 Coastal	 Plain	 as	 far	 north	 as	 southern	
Delaware.		
The	 records	 for	 this	 section	 are	 fragmentary,	 however	 several	 pieces	 of	 evidence	
can	 be	 traced	 within	 old	 maps	 and	 bulletins.	 The	 1909	 Compton	 Atlas	 displays	 several	
interesting	features	within	the	site	including	a	stone	structure	labeled	“water	trough;”	and	
a	 depression	with	 drainage	 tiles	 guiding	water	 outward	 towards	 the	Wissahickon	 Creek	
(Foss	2013).		Several	old	specimen	trees	exist,	dating	back	to	at	least	1909.		Many	of	the	old	
trees	 have	 large	 cavities	 and	 deadwood	which	 provide	 structure	 and	 habitat	 within	 the	
forest.	 In	 particular,	 there	 is	 one	 very	 fine	 specimen	of	Carya	ovata;	 there	 are	 also	 large	
specimens	of	Salix	nigra,	Quercus	sp.	and	several	Liriodendron	tulipifera	(Foss	2013).		
Currently	the	primary	visitors	of	this	section	are	bird	watchers,	either	as	individual	
visitors	 or	 in	 organized	 groups.	 	 The	 goose	 management	 team	 also	 patrols	 the	 area	 on	
occasion.	 The	 primary	Arboretum	 employees	 accessing	 the	 site	 are	 horticulture	 staff	 for	
maintenance	purposes.				
Current	Conditions	
The	canopy	is	dominated	by	native	tree	species	including	Acer	negundo	followed	by	
Acer	saccharinum,	Fraxinus	sp.,	Juglans	nigra,	Platanus	occidentalis	and	Taxodium	distichum.	
There	 are	 substantial	 groves	 of	 Gymnocladus	 dioicus,	 see	 Figure	 4,	 on	 the	 northeastern	
edge,	 and	Diospyros	 virginiana	 on	 the	 southwestern	 edge.	 	 Nonnative	 trees,	 which	 have	
invaded	the	canopy,	include	Acer	platanoides,	which	is	within	the	top	third	of	the	RIV	list,	as	
well	as	Catalpa	sp.	and	Paulownia	sp.	Native	tree	seedlings	recorded	in	the	herbaceous	plots	
include	 Acer	 negundo,	 Fraxinus	 sp.,	 Carya	 cordiformis,	 Gymnocladus	 dioicus,	 Liriodendron	
tulipifera,	Liquidambar	styraciflua	and	Taxodium	distichum. 	
The	understory	is	sparse,	the	most	prolific	native	tree	species	in	this	 layer	include	
Acer	 negundo	 and	 Gymnocladus	 dioicus;	 no	 shrub	 species	 exist	 in	 this	 layer.	 Nonnative	
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invasive	 species	 which	 dominate	 most	 of	 the	 understory	 composition	 include	 Lonicera	
maackii	 followed	by	Ampelopsis	brevipedunculata	and	Celastrus	orbiculatus.	Woody	plants	
dominating	 the	herbaceous	plots	 included	Ampelopsis	brevipedunculata,	Lonicera	maackii	
and	Rubus	phoenicolasius.	
The	 native	 herbaceous	 layer	 is	 sparse,	 however	 some	 species	 had	 relatively	 high	
RIV’s,	 including	 Ageratina	 altissima,	 Geum	 canadense,	 Impatiens	 capensis	 and	 Persicaria	
virginiana.	Most	 native	 herbaceous	 plants	 occurred	 at	 a	 minimal	 level,	 however	 several	
worth	 noting	 include	 Sagittaria	 latifolia,	 Sicyos	 angulatus	 and	 Symplocarpus	 foetidus.	
Chelone	glabra,	 is	 a	 native	 herbaceous	perennial,	 often	 found	 along	 stream	banks	 and	 in	
wet	 woods.	 Although	 it	 was	 not	 captured	 during	 the	 botanical	 survey	 it	 was	 observed	
growing	well	 in	 the	Bald	Cypress	Woods,	 see	Figure	5.	 	Nonnative,	 invasive	plants	which	
dominate	 this	 layer	 include	 Aegopodium	 podagraria,	 Alliaria	 petiolata,	 Iris	 pseudacorus,	
Lonicera	japonica,	Lysimachia	nummularia,	Microstegium	vimineum	and	Ranunculus	ficaria.		
Desired	Future	Conditions	with	Measurable	Objectives	
The	Bald	Cypress	Woods	 should	be	 linked	 to	 the	adjacent	Riparian	Corridor.	 	The	
forest	cover	should	be	expanded,	by	approximately	fifty	meters	in	a	North/South	direction,	
to	 increase	 contiguous	 forest	 canopy	within	 the	 Natural	 Lands	 Section.	 Extending	 forest	
cover	 helps	 to	 achieve	 ecological	 benefits	 directly	 associated	 with	 goals	 of	 the	 Natural	
Lands	 Section	 which	 include	 improving	 habitat,	 reducing	 edge	 effects	 and	 potentially	
reducing	storm	water	flow.	In	addition,	the	expansion	of	forest	cover	will	reduce	meadow	
cover	and	maintenance	within	the	East	Quadrant.		
The	 harsh	 transition	 between	 forest	 cover	 and	 meadow,	 see	 Figure	 2,	 should	 be	
softened	with	pockets	of	native	shrubs	and	flowering	herbaceous	plants.	The	visible	edge	
along	Northwestern	Avenue	should	be	presentable	and	interesting	to	passersby.	This	may	
include	 species	 such	 as	 Cornus	 florida,	 Cercis	 canadensis,	 Leucothoe	 racemosa	 and	
Liquidambar	styraciflua.	The	pedestrian	and	maintenance	road	should	provide	a	safe	route	
and	reduce	future	compaction	along	the	riparian	corridor.		
Plant	 composition	 should	 rely	 on	 native	 plants	 and	 be	 compatible	 with	 adjacent	
forested	 landscapes	 such	 as	 the	 Wissahickon	 Valley.	 The	 composition	 and	 diversity	 of	
native	species	should	be	improved.		Additional	desirable	plants	include	species	associated	
with	 the	 lower	 Atlantic	 Coastal	 Plain	 such	 as	 Taxodium	 distichum,	 and	 species	
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recommended	 by	 the	 Director	 of	 Horticulture,	 Tony	 Aiello,	 including	 Crataegus	 sp.,	
Juniperus	virginiana,	Magnolia	virginiana	and	Quercus	phellos.	
Management	Actions	for	2015	
 Remove	nonnative,	invasive	species.		
 Improve	and	redesign	the	vehicle	and	pedestrian	access	so	that	it	reduces	negative	
impacts	from	compaction.		
 Coordinate	a	plan	with	the	Arborist	for	mature	and	hazardous	tree	care.		
Long	Term	Goals	
 Plant	interior	canopy	species.	
 Plant	native	trees	and	shrubs	to	highlight	the	woodland	edge.			
 Plant	 masses	 of	 native	 shrub	 and	 herbaceous	 plants	 to	 begin	 to	 create	 a	 soft	
transition	between	the	forest	and	meadow.		
 Create	an	opening	or	boardwalk	to	provide	a	view	of	the	Taxodium	knees.			
 Create	 a	 better	 connection	 between	 the	 Bald	 Cypress	Woods	 and	Wetlands	 using	
stepping	stones	to	cross	Paper	Mill	Run.	
 Evaluate	whether	installation	of	a	maintenance	gate	and	extension	of	irrigation	lines	
are	justified.		
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Figure	2:	Bald	Cypress	Woods	
Figure	3:	Knees	of	Taxodium	distichum,	Fraxinus	sp.
seedlings	are	abundant		
Figure	4:	Grove	of	Gymnocladus	dioicus	in	
the	Bald	Cypress	Woods	
Figure	5:	Chelone	glabra	growing	in	the	Bald	Cypress	Woods	
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Management	Unit:	Meadow/Fields	
Site	Overview	
There	 are	 several	 areas	 of	 meadows	 and	 fields	 throughout	 the	 Arboretum	
floodplain,	refer	to	Map	2	to	see	their	locations.	Installation	of	approximately	eight	acres	of	
meadow	began	in	2006	with	follow	up	herbicide	treatment	and	more	planting	in	2007.	The	
purpose	of	the	meadow	landscape	was	to	provide	color,	texture	and	welcoming	views	into	
the	 Arboretum.	 They	 also	 function	 to	 better	 manage	 storm	 water	 and	 should	 be	 an	
additional	cover	type	to	display	best	management	practice.		
Current	Conditions	
There	are	 two	 locations	of	 fields,	adjacent	 to	 the	Wetland	and	another	adjacent	 to	
the	Bald	Cypress	Woods,	as	shown	in	Map	2.	Phalaris	arundinacea	dominates	these	areas;	
other	nonnative	 invasive	plants	which	occur	 in	 these	 fields	 include	Symphytum	officinale	
and	 Phragmites	 australis.	 Experimenting	 with	 mowing	 time	 has	 allowed	 some	 desirable	
plants	 to	 be	 expressed	 in	 small	 numbers	 including	 Asclepias	 incarnata	 and	 Vernonia	
noveboracensis	as	seen	in	Figure	6.		
A	 comprehensive	 study	 of	 the	 meadow	 seedbanks	 was	 completed	 by	 Emma	
Williams	 as	 an	 intern	 project	 in	 2013.	 Results	 from	 her	 study	 indicate	 that	 Phalaris	
arundinacea	 dominates	 the	 seed	 bank	 (Williams	 2013).	 	 Efforts	 to	 restore	 and	 diversify	
expansive	 areas	 which	 are	 overrun	 with	 P.	 arundinacea	 could	 prove	 to	 be	 inefficient.	
Rather	 it	may	be	more	productive	 to	 focus	on	creating	patches	of	desirable	native	plants	
within	the	meadows.		
The	 meadows	 are	 invaded	 with	 additional	 nonnative,	 invasive	 plants	 including	
Alliaria	petiolata,	Ampelopsis	brevipedunculata,	Artemisia	vulgaris,	Cirsium	arvense,	Lonicera	
japonica,	 Microstegium	 vimineum,	 Lythrum	 salicaria,	 Phalaris	 arundinacea,	 Ranunculus	
ficaria	and	Rosa	multiflora	(Williams	2013).	Native	species	which	dominate	the	meadows	
and	limit	diversity	include	Solidago	canadensis,	Solidago	gigantea	and	Sorghastrum	nutans	
(Williams	 2013).	 	 	 A	 federally	 noxious	 plant,	 Galega	 officinalis,	 is	 common	 within	 the	
entrance	meadows.	 This	 plant	 is	 toxic	 to	 goats,	 sheep	 and	 cattle.	 Our	 close	 proximity	 to	
Erdenheim	Farm	makes	the	control	of	this	plant	a	high	priority.	
With	 current	 staff	 and	 resources	 it	 appears	 to	 be	 nearly	 impossible	 to	 reach	 an	
acceptable	level	of	invasive	plant	control.	 
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Desired	Future	Conditions	with	Measurable	Objectives	
The	meadows	and	fields	should	demonstrate	alternatives	to	mowed	landscapes	and	
an	 option	 of	 best	 management	 practice	 for	 floodplains.	 	 Future	 planning	 and	 changes	
within	 the	 meadows	 should	 consider	 maintenance	 feasibility	 and	 interpretation.	 The	
meadows	 should	 also	 be	 visually	 attractive.	 They	 should	 provide	 a	 smooth	 transition	
between	the	forest	and	riparian	cover	types.		One	way	this	can	be	accomplished	is	through	
artistic	placement	of	pedestrian	and	maintenance	paths,	and	by	planting	 large	pockets	of	
native	shrubs	and	herbaceous	plants	to	transition	between	the	habitat	types.	
The	 meadows	 provide	 food	 and	 cover	 for	 resident	 and	 migratory	 birds.	
Management	 must	 coordinate	 practice	 and	 timing	 with	 overwintering	 insects	 and	 bird	
nesting	 season.	 Avoiding	 mowing	 between	 April	 1	 and	 July	 15	 reduces	 direct	 injury	 to	
ground	 nesting	 birds.	 The	 diet	 of	 most	 nestlings	 relies	 critically	 on	 insects.	 	 Insects	
overwinter	on	a	variety	of	substrates	including	cracks	in	the	ground,	fallen	debris	or	thatch,	
stems	of	goldenrod	and	other	herbaceous	plants,	and	twigs	of	woody	shrubs	until	 spring	
when	they	emerge	(Tallamy	2007).	 In	order	to	maintain	complex	 food	webs	and	support	
insect	 life	 in	 meadows,	 Doug	 Tallamy	 recommends	 mowing	 in	 early	 March	 after	 most	
insects	have	emerged	(2007).	 	By	adopting	an	ecological	approach	and	understanding	the	
meadows	 within	 the	 Natural	 Lands	 Section	 several	 choices	 of	 mowing	 periods	 exist	
including	spring	(March)	or	late	summer	(late	July).	 	January	mowing	is	necessary	for	the	
Wetland	and	Sheep	meadows	to	reduce	damage	to	emerging	Narcissus	sp.	bulbs.	Otherwise	
meadows	should	be	mowed	at	varying	times	to	ensure	vegetation	is	always	present	within	
the	 site	 for	 ecological	 purposes.	 Mowing	 schedules	 may	 possibly	 be	 reduced	 once	 the	
amount	 of	 invasive	 plants	 is	 reduced	 to	 once	 per	 year	 or	 every	 two	 years	 to	 interrupt	
natural	succession.	Until	 then	the	rigorous	yet	ecologically	safe	mowing	regime	will	be	 in	
place	to	reduce	woody	species	and	allow	for	invasive	plant	control.		 
Physical	 conditions,	 such	 as	 proximity	 to	 the	 floodplain	 and	 full	 sun	 light,	 have	
limited	 the	 diversity	 within	 the	 meadows.	 	 They	 are	 highly	 invaded	 with	 native	 and	
nonnative	 species	 so	 initial	 control,	 upkeep	 and	monitoring	will	 be	 critical	 in	 any	 future	
meadow	restoration.		
Fields	 have	 been	maintained	 to	 create	 an	 open	 view	which	 has	 been	 the	 desired	
condition.	 	 Reduced	 mowing	 which	 occurs	 in	 meadows	 and	 fields	 allows	 for	 some	
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ecological	 benefits.	 Meadows	 generally	 have	 a	 greater	 diversity	 of	 plant	 species	 which	
provides	habitat	for	many	species.	Fields	consist	of	only	a	few	plant	species	and	generally	
support	a	reduced	diversity	of	wildlife	and	insect	species.	 	Within	the	35	acres	of	natural	
lands,	forested	cover	and	extended	riparian	buffer	would	provide	the	maximum	amount	of	
ecological	 functioning	and	be	more	sustainable	long	term.	 	Meadows	and	fields	should	be	
reduced	in	size	to	allow	expansion	of	forest	cover.		A	great	deal	of	maintenance	is	required	
for	maintaining	meadows	which	further	supports	reducing	meadow	and	field	area.			
Plant	 composition	 should	 rely	 on	 native	 plants	 and	 be	 compatible	 with	 adjacent	
forested	landscapes	such	as	the	Wissahickon	Valley.	It	is	desirable	that	the	meadows	have	a	
variety	 of	 cool	 and	warm	 season	 grasses,	 drifts	 of	 flowering	 forbs	 and	masses	 of	 native	
shrubs.	Plants	specifically	recommended	for	the	meadows	by	the	Arboretum	Director,	Paul	
Meyer,	include	Helianthus	sp.	and	Symphyotrichum	novae‐angliae.		
Management	Actions	for	2015	
 Determine	an	action	plan	for	establishing	patches	of	native	shrubs	and	herbaceous	
plants	in	meadows.	
 Reduce	 invasive	 species	 in	 priority	 areas	 using	 selective	 herbicide	 and	 spot	
treatments.	
 Research	potential	meadow	restoration	projects	to	be	contracted.	
 Increase	knowledge	on	spread	and	control	of	Phalaris	arundinacea.	
 Plant	 and	maintain	 native	 canopy	 trees	 and	 other	 woody	 plants	 with	 the	 goal	 of	
reducing	the	size	of	field	and	increasing	the	forested,	riparian	buffer.			
 Create	meandering	paths	which	support	smoother	transitions	and	provide	close‐up	
encounters	with	butterflies	and	other	interesting	insects.	
Long	Term	Goals	
 Reduce	the	amount	of	meadow	cover	and	increase	forest	cover.	
 Reduce	 mowing	 regime	 to	 once	 per	 year	 or	 every	 other	 year	 to	 reduce	 natural	
succession.		
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Figure	6:	Wetland	Meadow	on	July	24th,	this	area	
was	mowed	on	July	1st		
Figure	7:	Red‐wing	black	bird	nestling	in	
meadow	
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Management	Unit:	Penn’s	Woods	
Site	Overview	
In	 the	 spring	 of	 2014	 Trail	 Specialists,	 Valerie	 Naylor	 and	 Steve	 Thomas,	 were	
contracted	for	significant	improvements	to	the	trail	which	connects	the	wetland	area	to	the	
formal	parts	 of	 the	 garden	 including	 the	Visitor	Center	 and	Fernery.	 In	 conjunction	with	
trail	improvements,	allocations	also	supported	planting	the	trail	corridor	with	native	trees,	
shrubs	 and	 herbaceous	 plants.	 	 Some	 plants	were	 installed	 in	 the	 fall	 of	 2014.	 The	 trail	
improvement	 project	 was	 supported	 by	 Bowman	 Properties,	 David	 Orthwein,	 Marshall‐
Reynolds	Foundation	and	Maysie	Starr.	
Since	 the	 trail	 installation/improvements	 and	 signage	 I	 believe	 visitation	 from	
general	garden	visitors,	photographers	and	other	nature	enthusiasts	has	increased	within	
the	Penn’s	Woods	section.		
Current	Conditions	
Penn’s	Woods,	a	successional	forest	located	along	a	steep	slope,	is	the	largest	section	
of	 contiguous	 forest	 within	 the	 Arboretum.	 The	 canopy	 is	 dominated	 by	 native	 species	
including	Fagus	grandifolia,	followed	by Acer	rubrum, Betula	lenta, Cornus	florida, Fraxinus	
sp.,  Nyssa	 sylvatica,  Prunus	 serotina,  Quercus	 sp.	 and	 Tsuga	 canadensis.	 Nonnative	 trees	
which	have	 invaded	the	canopy	include	Tetradium	daniellii	which	was	 in	the	top	 five	RIV	
and	Phellodendron	amurense.		Native	trees	captured	in	the	shrub	plots	include	Acer	rubrum,	
Betula	 lenta,	Carpinus	 caroliniana,	Fagus	grandiflora,	Halesia	 carolina,	Magnolia	 tripetala,	
Nyssa	sylvatica	and	Prunus	serotina.	Native	tree	seedlings	recorded	in	the	herbaceous	plots	
include	 many	 of	 the	 species	 mentioned	 above	 in	 addition	 to	 Fraxinus	 sp.	 and	 Sassafras	
albidum.	Nonnative	tree	seedlings	include	Tetradium	daniellii	and	Zelkova	serrata.	
The	 understory	 is	 sparse.	 Native	 shrubs	 captured	 within	 the	 plots	 include	
Hamamelis	virginiana,	Lindera	benzoin,	Viburnum	dentatum	and	Viburnum	prunifolium,	yet	
the	 RIV	was	 low	 for	most	 of	 these	 species.	 Nonnative,	 invasive	 shrubs	 including	Akebia	
quinata,	 Aralia	 elata,	 Euonymus	 alatus,	 Berberis	 thunbergii,	 Celastrus	 orbiculatus,	
Cephalotaxus	 harringtonia,	 Ligustrum	 ovalifolium,	 Lonicera	maackii,	 Rhamnus	 cathartica,	
Rhodotypos	 scandens,	 Symplocos	 paniculata	 and	 Viburnum	 dilatatum	 dominate	 the	
understory	plots.		
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Viburnum	 prunifolium	 was	 the	 only	 native	 shrub	 captured	 within	 one	 of	 the	
herbaceous	plots.		Native	herbaceous	plants	recorded	included	Ageratina	altissima,	Bidens	
frondosa,	 Carex	 digitalis,	 Eurybia	 divaricata,	 Maianthemum	 racemosum,	 Podophyllum	
peltatum	 and	 Persicaria	 virginiana.	 	 Nonnative	 plants	 included	 Alliaria	 petiolata,	Hedera	
helix,	Lonicera	japonica,	Microstegium	vimineum	and	Vinca	minor.	
Pressure	from	deer	browse	and	competition	with	invasive	plants	has	influenced	the	
native	vegetation	and	seed	bank	over	many	decades.	The	understory	and	herbaceous	layers	
are	 the	most	 impacted	 with	 reduced	 diversity	 and	 abundance.	 Almost	 no	 native	 shrubs	
were	represented	in	the	herbaceous	plots	which	indicates	a	low	rate	of	regeneration.	Under	
current	conditions	there	is	little	vegetation	to	fill	the	understory	and	replace	the	canopy.		
Desired	Future	Conditions	with	Measurable	Objectives	
The	woodland	trail	provides	beautiful	views	of	the	Wissahickon	Creek	and	adjacent	
rock	outcrops.	The	trail	provides	an	informal	connection	from	the	wetlands	to	the	formal	
garden	path.	Additional	benefits	should	include	exposing	visitors	to	an	intimate	experience	
with	some	of	the	native	flora	and	fauna	as	well	as	educating	them	on	some	of	the	pressures	
affecting	our	native	forests.			
The	deer	exclosure	below	 the	service	 road	was	 installed	 in	2010,	 it	 functions	as	a	
larger	 scale	 deer	 protection	 strategy	 and	 should	 help	 in	 restoring	 a	 section	 of	 the	
woodland.	 	This	area	should	be	a	high	priority	 to	maintain	and	 improve	 the	 forest	 cover	
with	native	trees,	shrubs	and	herbaceous	plants.	Eventually	 the	area	 inside	the	exclosure	
should	 represent	 density	 seen	 within	 a	 healthy	 forest.	 	 	 It	 also	 serves	 for	 public	
interpretation	of	deer	overpopulation	and	its	impact	on	forests.		
This	area	has	gained	increasing	attention	within	the	Arboretum	and	therefore	is	of	
high	 priority	 for	 management.	 It	 is	 desired	 that	 the	 understory/shrub	 layer	 of	 Penn’s	
Woods	 be	 improved	 by	 reducing	 nonnative,	 invasive	 species.	 Native	 trees	 and	 shrubs	
should	be	planted	and	natives	which	are	naturally	 regenerating	 in	 the	understory/shrub	
and	 herbaceous	 layer	 should	 be	 protected	 from	 deer.	 Plant	 composition	 should	 rely	 on	
native	plants	and	be	compatible	with	adjacent	forested	landscapes	such	as	the	Wissahickon	
Valley.	
In	order	for	the	understory/shrub	and	herbaceous	layers	to	increase	in	density	and	
diversity	effective	action	will	need	to	take	place	to	remove	the	core	of	the	problem	which	is	
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deer	 overpopulation.	 Strategically	 installing	 fencing	 can	 exclude	 deer	 from	 larger	 areas.		
This	critical	topic	is	investigated	further	within	the	discussion	section.									
Management	Actions	for	2015		
 Conduct	trail	maintenance	including	trail	closure	and	erosion	prevention.		
 Enhance	trail	corridor	with	addition	of	native	plants.	
 Conduct	 hazardous	 tree	 assessment,	 this	 includes	 consideration	 of	 pedestrian	
hazards	and	hazards	in	new	and	potential	restoration	areas.		
 Work	with	curatorial	 staff	to	 label	 several	 specimen	 trees	with	a	descriptive	black	
plaque	which	includes	species,	common	name	and	origin.		
 Identify	 and	 stage	 removals	 of	 nonnative,	 invasive	 trees	 including	 Tetradium	
daniellii	and	Phellodendron	amurense.	
 Maintain	views	to	the	iron	bowl	from	the	upper	trail.	
Long	Term	Goals	
 Plan	for	wildlife	enhancements,	 identifying	bird	and	bat	species	to	encourage	with		
artificial	nest	boxes.	
 Plan	for	additional	large	scale	deer	exclosure(s).	
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Management	Unit:	Riparian	Corridor	
Site	Overview		
Morris	 Arboretum	 is	 located	 in	 the	 lower	 portion	 of	 the	Wissahickon	Watershed.	
The	Watershed	 includes	about	64	square	miles,	stretching	22	miles	 from	the	headwaters	
near	Montgomeryville	Mall	to	the	outflow	into	the	Schuylkill	River.	The	Watershed	supplies	
10%	 of	 Philadelphia’s	 drinking	 water.	 A	 wide	 range	 of	 human	 activities	 have	 severely	
impaired	this	natural	resource,	the	major	limitation	being	impervious	surface	coverage	and	
reduced	 ground	water	 recharge	 resulting	 in	 low	base	 flow	 and	 heavy	 flow	 velocity	 after	
rain	 events.	 Less	 than	 0.5	 mile	 of	 the	 Wissahickon	 Creek	 flows	 through	 the	 property	
making	a	distinct	squared,	C‐	shaped	curve,	plus	0.33	mile	of	Paper	Mill	Run.	
The	Paper	Mill	Run	Riparian	Corridor	lies	within	the	floodplain.		During	heavy	rain	
events	 it	experiences	heavy	flow	until	 the	Wissahickon	Creek	backs	up	and	pushes	water	
upstream	 overflowing	 the	 floodplain	 area.	 Carried	 within	 the	 overflow	 is	 a	 plethora	 of	
invasive	 plant	 seeds,	 runoff	 chemicals	 and	 aquatic	 life.	 	 There	 are	 problems	 along	 the	
stream	related	to	erosion	and	lack	of	soil	stabilization.		
In	2003	there	was	a	streambank	restoration	project	implemented	along	Paper	Mill	
Run	adjacent	to	the	Arboretum	Bridge;	this	project	was	 in	conjunction	with	the	wetlands	
project.		It	included	grading	and	streambank	stabilization	with	coconut	fiber	and	live	plants	
(Delaware	 Riverkeeper	 Network	 43).	 	 Future	 contracting	 may	 be	 necessary	 along	 the	
corridor	to	properly	reduce	erosion	throughout.	
Current	Conditions		
The	 native	 trees	 which	 dominate	 the	 Riparian	 Corridor	 include	 Acer	 negundo	
followed	 by	 Acer	 saccharinum,  Fraxinus	 sp.,  Platanus	 occidentalis  and  Juglans	 nigra.	
Nonnative	 species	 include	 Catalpa	 bignonioides,	 Phellodendron	 amurense	 and  Ulmus	
carpinifolia.	Native	 trees	 in	 the	shrub	plots	 include	Acer	negundo,	Amelanchier	 sp.,	Betula	
nigra,	Carpinus	caroliniana,	Carya	cordiformis,	Fraxinus	sp.,	Juglans	nigra,	Magnolia	tripetala	
and	 Platanus	 occidentalis.	 Within	 the	 herbaceous	 plots	 tree	 seedlings	 of	 native	 species	
include	 Acer	 negundo,	 Acer	 saccharinum,	 Fraxinus	 pennsylvanica,	 Juglans	 nigra,	
Liriodendron	tulipifera,	Platanus	occidentalis	and	Tilia	americana,	all	with	low	RIV’s.		In	the	
herbaceous	plots	nonnative	tree	seedlings	of	Tetradium	daniellii	had	a	relatively	large	RIV.		
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Captured	 within	 the	 understory/shrub	 plots	 were	 native	 shrub	 species	 including	
Cornus	sericea,	Ilex	verticillata	and	Viburnum	dentatum.		Nonnative	plants	in	the	understory	
include	Ampelopsis	brevipedunculata,	Celastrus	orbiculatus	and	Rhamnus	cathartica.	Within	
the	herbaceous	plots	native	shrubs	include	Cercis	canadensis	and	Cornus	sericea;	nonnative	
plants	present	are	Lonicera	maackii	and	Rhamnus	cathartica	
The	 herbaceous	 plots	 of	 Paper	 Mill	 Run	 include	 native	 plants	 such	 as	 Ageratina	
altissima,	 Bidens	 frondosa,	 Conyza	 canadensis,	 Dichanthelium	 clandestinum,	 Elymus	
virginicus,	 Equisetum	 arvense,	 Juncus	 tenuis,	 Lobelia	 siphilitica,	 Rudbeckia	 lanceolata,	
Scrophularia	marilandica,	Sicyos	angulatus,	Solidago	gigantea,	Verbena	urticifolia,	Verbesina	
alternifolia;	 and	 nonnative	 invasive	 plants	 including	 Aegopodium	 podagraria,	 Alliaria	
petiolata,	 Ampelopsis	 brevipedunculata,	 Artemisia	 vulgaris,	 Carex	 hirta,	 Celastrus	
orbiculatus,	Galega	officinalis,	Lythrum	 salicaria,	Phalaris	arundinacea,	Humulus	 japonicus,	
Microstegium	vimineum	and	Rubus	phoenicolasius.	
The	herbaceous	plots	of	Wissahickon	Creek	include	native	plants	such	as	Ageratina	
altissima,	 Juncus	 tenuis,	 Persicaria	 virginiana,	 Solidago	 canadensis	 and	 Verbesina	
alternifolia;	 and	 nonnative	 invasive	 plants	 including	 Allium	 vineale,	 Ampelopsis	
brevipedunculata,	 Artemisia	 vulgaris,	 Celastrus	 orbiculatus,	 Fallopia	 japonica,	 Lysimachia	
nummularia,	Microstegium	vimineum	and	Ranunculus	ficaria.		
Additional	Site	Specific	Notes		
Paper	Mill	 Run	North	 is	 planted	with	 a	 number	 of	 large	 to	 small	 trees	 and	 a	 few	
shrubs,	mostly	 native,	 but	 includes	 a	 grove	 of	Metasequia	glyptostroboides.	 	Many	 of	 the	
trees	are	beginning	to	approach	maturity	and	there	are	not	many	young	plants	in	this	area.	
In	fact	the	understory	is	essentially	nonexistent.	The	ground	cover	of	this	area	is	primarily	
the	nonnative	species	Carex	hirta	and	Phalaris	arundinacea,	the	prolific	nature	of	which	is	
suppressed	due	to	shady	conditions	of	the	closed	canopy	provided	by	the	larger	trees.	
The	narrow	riparian	buffer	of	Paper	Mill	Run	West	is	highly	invaded	with	nonnative,	
invasive	 plants	 including	 Ampelopsis	 brevipedunculata,	 Celastrus	 orbiculatus,	 Lonicera	
maackii,	 Lonicera	 japonica	 and	 Rhamnus	 cathartica,	 see	 Figure	 8.	 	 Among	 the	 invasive	
plants	are	several	large	patches	of	Podophyllum	peltatum	occurring	within	this	stretch.		
Paper	 Mill	 Run	 South,	 in	 the	 Wetland	 quadrant,	 consists	 of	 several	 large	 trees	
including	some	newly	planted	canopy	species;	however	there	are	also	stretches	with	few	to	
 
 
30 
 
no	 trees	 which	 intentionally	 and	 unintentionally	 create	 view‐sheds.	 	 The	 shrub	 layer	 is	
essentially	 nonexistent,	 and	 the	 herbaceous	 layer	 is	mostly	Ampelopsis	 brevipedunculata	
and	Phalaris	arundinacea.	This	quadrant	 is	highly	visited	and	supported	by	donors;	 there	
have	been	several	past	attempts	to	restore	it.			
The	 narrow	 riparian	 buffer	 of	 Paper	 Mill	 Run	 East	 is	 moderately	 invaded	 with	
nonnative,	invasive	plants	including	Ampelopsis	brevipedunculata,	Cirsium	arvense,	Fallopia	
japonica	and	Lonicera	japonica.	The	1908	Morris	Pump	House	is	located	along	this	portion	
of	the	stream	and	an	important	view	of	the	wheel	is	captured	through	the	north	quadrant.	
Although	 there	are	 trees	along	 the	stream,	a	 large	gap	exists	where	mowing	has	allowed	
only	herbaceous	plants	to	maintain	the	view.	
Deer	impact	is	heavy	throughout	the	Riparian	Corridor	as	is	evident	by	the	meager	
representation	of	 trees	 and	 shrubs	 in	 the	understory.	 	Mowing	 to	 reduce	 invasive	plants	
may	also	be	limiting	some	plants	from	reaching	the	understory.			
Desired	 Future	 Conditions	with	Measurable	Objectives‐	 Paper	Mill	 Run	 and	Wissahickon	
Creek	
Morris	 Arboretum	 Riparian	 Corridor	 should	 be	 a	 demonstration	 of	 exemplary	
watershed	 stewardship	 and	 best	 management	 practices	 with	 appropriate	 streamside	
buffers	including	a	variety	of	cover	types	ranging	from	meadow	to	forest.			
The	width	 of	 buffer	 should	 be	 expanded	 throughout	 the	Riparian	 Corridor.	 There	
are	 several	 sections	 or	 areas	 in	 which	 expanding	 the	 buffer	 would	 reduce	 meadow	
management	 and	 improve	 overall	 ecological	 function.	 The	 narrow	 buffer	 along	 the	
Wissahickon	Creek	 that	 stretches	 from	 the	Wetland	Woods	 to	 the	Northwestern	Avenue	
Bridge	has	several	large	sections	that	should	be	expanded.	Along	Paper	Mill	Run	there	are	
stretches	in	which	the	buffer	is	less	than	10	meters	wide,	these	areas	should	be	expanded.	
The	 narrow	buffer	 upstream	of	 the	 East	 Brook	 to	 the	 South	Woods	 is	 approximately	 55	
meters	 long	and	should	be	widened.	Expanding	the	buffers	includes	planting	them	with	a	
variety	 of	 native	 trees,	 shrubs	 and	 herbaceous	 plants.	 Issues	 outside	 the	 skills	 of	 the	
horticulture	department	should	be	identified	as	future	contracted	projects.	However,	in	the	
meantime	 it	 will	 be	 critical	 that	 larger	 trees	 and	 shrubs	 begin	 to	 establish	 along	 the	
corridor	to	help	mitigate	erosion.	
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Within	the	Riparian	Corridor	priority	should	be	given	to	areas	which	have	received	
prior	 restoration	efforts	and	which	are	 less	 impacted	by	nonnative,	 invasive	plants.	High	
priority	areas	include	Paper	Mill	Run	north,	south	and	east.	 	Management	action	includes	
control	 of	 nonnative,	 invasive	 plants	 and	 planting	 native	 trees,	 shrubs	 and	 herbaceous	
plants.	Young	trees	within	Paper	Mill	Run	north,	south	and	east	are	maturing	well,	however	
there	are	not	many	younger	plants	 to	replenish	 the	canopy.	 	Trees	and	shrubs	should	be	
planted	on	a	timescale	to	replenish	and	support	a	healthy	age	regime.			
Paper	Mill	Run	West	 is	highly	 invaded.	Restoration	will	be	a	 large	undertaking	 for	
the	Arboretum,	funding	and	timing	should	be	well	thought	out	prior	to	any	heavy	removals.		
The	 riparian	 areas	 encompassed	 by	 the	 Arboretum	 play	 a	 role	 in	 the	 larger	 picture	 of	
stream	 health.	 Desired	 views	 and	 openings	 within	 the	 Riparian	 Corridor	 should	 be	
identified.	 Unintended	 openings	 within	 the	 buffer	 should	 be	 planted	 or	 management	
practice	altered	to	allow	succession	to	proceed.		
Plant	 composition	 should	 rely	 on	 native	 plants	 and	 be	 compatible	 with	 adjacent	
forested	landscapes	such	as	the	Wissahickon	Valley.	
Management	Actions	for	2015	
 Determine	action	plan	for	expanding	the	riparian	buffer.		
 Reduce	 areas	 of	 compaction	 which	 may	 require	 relocating	 pedestrian	 and	
maintenance	path.	
 Reduce	nonnative	invasive	species	that	exist	in	the	Paper	Mill	Run	north,	south	and	
east	sections.	
 Plant	native	trees,	shrubs	and	herbaceous	plants.		
 Identify	areas	to	plant	large	canopy	trees	which	will	function	to	stabilize	the	stream	
bank.		
 Add	 flowering	 trees	 and	 shrubs	 such	 as	Amelanchier	 sp.,	Cornus	 florida	 and	Cercis	
canadensis	to	highlight	the	most	visible	edges.		
Long	Term	Goals	
 Determine	a	plan	for	the	Paper	Mill	Run	west	section,	including	nonnative,	invasive	
species	removal	followed	by	native	restoration.			
 Improve	cover	 to	eventually	create	a	contiguous	riparian	 forest	within	Arboretum	
boundaries.				
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 Provide	nest	boxes	for	wildlife	such	as	wood	duck.	
 Explore	a	possible	partnership	with	Chestnut	Hill	College	to	pursue	bigger	issues	of	
stream	health.	
	
	
	
 
Figure	8:	Narrow	Riparian	Buffer	of	Paper	Mill	Run	west	is	highly	invaded	with	nonnative	shrubs	
and	herbaceous	plants.	
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Management	Unit:	South	Woods	
Site	Overview		
There	are	several	notable	features	throughout	South	Woods.	The	site	of	the	Morris’	
boathouse	lies	along	the	Wissahickon	Creek;	although	nothing	remains	of	the	boathouse,	a	
nearby	rock	feature	that	once	surrounded	an	old	spring	is	still	 intact	and	visible	from	the	
trail	(1914	Compton	Atlas).		Evidence	of	the	old	dump	site	can	be	seen	at	the	northeastern	
edge	where	a	 large	 rusted	 iron	bowl	 lies	abandoned	next	 to	an	elevated	accumulation	of	
rubble.		Until	recently	this	area	was	a	dumping	site	for	garden	debris.		
In	 the	 fall	 of	 2013	 the	 southern	 edge	 of	 the	woods	was	 planted	with	 a	 variety	 of	
native	trees	and	shrubs.	This	project	was	supported	by	a	donation	themed	Plants	for	Birds.	
The	plant	selection	included	a	variety	of	native	mast‐	and	fruit‐producing	trees	and	shrubs.		
As	a	follow‐up,	this	area	was	planted	with	herbaceous	material	in	the	fall	of	2014.			
In	 the	 fall	 of	 2014	 the	 fernery	 trail	 head	was	 planted	with	 several	 young	 canopy	
trees,	 shrubs,	 and	 herbaceous	 plants.	 	 A	 view	 from	 the	 old	 curbstone	 step	west	 into	 the	
creek	valley	was	maintained.		
Current	Conditions	
The	 canopy	 of	 South	 Woods	 is	 predominantly	 Acer	 negundo	 followed	 by	 Acer	
rubrum,	 Fraxinus	 sp.,	 Juglans	 nigra	 and	 Liriodendron	 tulipifera.	 	 Native	 tree	 species	
represented	 in	 the	 shrub	 and	 herbaceous	 layer	 include	 Acer	 negundo,	 Fraxinus	 sp.,	
Liriodendron	tulipifera	and	Quercus	sp.	
Native	 shrubs	 captured	 within	 the	 understory	 plots	 include	 Cercis	 canadensis,	
Lindera	 benzoin,	 Ilex	 verticillata	 and	 Viburnum	 dentatum.	 Additional	 plants	 including	
Amelanchier	 sp.,	Aronia	arbutifolia,	Cornus	amomum,	Cornus	 sericea,	Sambucus	canadensis	
and	Viburnum	lentago	can	also	be	found	growing	in	the	restored	sections	of	South	Woods.	
Nonnative	 shrubs	 in	 the	 understory	 plots	 include	 Cephalotaxus	 harringtonia,	 Lonicera	
maackii,	Ligustrum	amurense,	Rosa	multiflora,	Rubus	phoenicolasius	and	Wisteria	chinensis.	
Most	of	these	species	were	observed	within	the	herbaceous	plots.		
Native	herbaceous	plants	recorded	 in	the	plots	 included	Ageratina	altissima,	Carex	
blanda,	Carex	amphibola,	Cryptotaenia	canadensis,	Matteuccia	struthiopteris	and	Verbesina	
alternifolia.	 	Nonnative	herbaceous	plants	included	Ampelopsis	brevipedunculata,	Celastrus	
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orbiculatus,	Fallopia	japonica,	Ranunculus	ficaria,	Lysimachia	nummularia	and	Microstegium	
vimineum.		
Pressure	 from	 deer	 browse	 and	 competition	 with	 nonnative,	 invasive	 plants	 has	
influenced	 the	 vegetation	 and	 seed	 bank	 over	 many	 decades.	 The	 understory	 and	
herbaceous	layers	are	most	affected,	showing	reduced	diversity	and	abundance	of	species.	
Under	 current	 conditions	 there	 is	 little	 vegetation	 to	 fill	 the	 understory	 and	 replace	 the	
canopy.	 
Desired	Future	Conditions	with	Measurable	Objectives	
South	 Woods,	 a	 low‐lying	 floodplain	 forest,	 should	 contain	 plant	 species	 which	
thrive	 in	 these	 conditions	 including	 tree	 species	 such	 as	 Acer	 saccharinum,	 Platanus	
occidentalis	 and	 Quercus	 palustris	 and	 shrub	 species	 such	 as	 Cephalanthus	 occidentalis,	
Cornus	 amomum	 and	 Ilex	 verticillata.	 Toxicodendron	 radicans	 should	 be	 reduced	 to	 a	
manageable	level	so	that	it	doesn’t	interfere	with	the	success	of	new	plantings.		
A	spur	of	the	woodland	trail	breaks	off	from	the	rock	outcrop	in	Penn’s	Woods	and	
runs	 adjacent	 to	 the	 Wissahickon	 Creek	 towards	 the	 Sculpture	 Garden.	 	 The	 trail	 is	
intended	 for	 irregular	 use,	 it	 is	 occasionally	 flooded	 and	 should	 be	 closed	 when	 wet	 to	
maintain	 its	 integrity.	 The	 old	 site	 of	 the	 boathouse	 should	 be	 visible	 from	 the	 trail	 and	
should	be	a	feature	to	highlight	with	native	plants.		
Plant	 composition	 should	 rely	 on	 native	 plants	 and	 be	 compatible	 with	 adjacent	
forested	landscapes	such	as	the	Wissahickon	Valley.	
Management	Actions	for	2015	
 Remove	nonnative,	invasive	plants	in	the	canopy	and	shrub	layers.	
 Plant	native	trees,	shrubs	and	large	drifts	of	herbaceous	plants.		
 Plant	 the	 slope	 from	 Penn’s	 Woods	 into	 South	 Woods	 with	 large	 patches	 of	
Mertensia	virginica	and	native	fern	species.	
Long	Term	Goals	
 Enhance	views	to	the	old	spring	and	boat	house.	
	
	
	
	
	
 
 
35 
 
Management	Unit:	Wetlands		
Site	Overview	
In	1892	the	area	known	as	Compton	and	the	adjacent	floodplain	were	purchased	by	
John	 and	 Lydia	 Morris.		 In	 order	 to	 improve	 the	 pasture	 area	 for	 better	 grazing,	
hydrological	 modification	 took	 place	 in	 1910	 including	 installation	 of	 drainage	 tiles	 to	
divert	 excess	 surface	water	 into	 the	 two	adjacent	 streams.	 Later	 the	 land	was	 leased	 for	
grazing	and	hay	production	into	the	1950s.		
Between	 1997	 and	 2003	 the	 Arboretum	 joined	 efforts	 with	 many	 sponsors,	
including	the	Environmental	Protection	Agency	(EPA)	and	Delaware	Riverkeeper	Network,	
for	 the	 restoration	 of	 Paper	Mill	 Run.	 	 The	 goal	 of	 the	 project	 was	 to	 demonstrate	 best	
management	practices	for	reducing	non‐point	source	pollution	and	management	of	stream	
corridors,	 as	 well	 as	 to	 improve	 overall	 ecological	 function	 of	 the	 stream	 (Delaware	
Riverkeeper	 Network	 43).		 A	 master	 plan	 by	 Andropogon	 Associates	 went	 beyond	 the	
scope	and	funding	of	this	project	to	address	the	twenty‐acre	stream	and	floodplain	complex	
(Delaware	Riverkeeper	Network	45).		
Following	the	stream	restoration	project	was	the	creation	of	emergent	wetlands	in	
the	floodplain.	The	wetland	project	converted	the	area	that	had	been	tiled	to	a	more	natural	
condition.	It	allowed	for	shallow	ground	water	to	percolate	and	remain	at	the	surface.	The	
area	 was	 then	 planted	 with	 a	 variety	 of	 native	 plants	 suitable	 for	 the	 site	 conditions.	
Arboretum	 botanists,	 Ann	 Rhoads	 and	 Tim	 Block,	 compiled	 a	 plant	 list	 of	 species	
appropriate	for	this	site	based	on	two	naturally	occurring	wetlands	in	Bucks	County.		This	
list	 can	 be	 found	 on	 the	 shared	 drive:	 NaturalLandsNov2014,	 see	 Appendix	 4:	 Wetland	
Plant	List,	2001,	and	can	be	used	today	as	a	guide	for	plant	selection	for	the	Wetland	and	
Paper	Mill	Run	Riparian	Corridor.		
There	 is	 a	 growing	 use	 of	 this	 section	 by	 bird	 watchers,	 artists	 and	 nature	
enthusiasts.	 Avid	 bird	 watchers,	 including	 amateurs	 and	 professionals,	 have	 recorded	
sightings	of	a	variety	of	birds	including	waterfowl,	raptors,	songbirds,	shorebirds,	owls	and	
woodpeckers.	Birds	have	been	observed	using	the	site	as	a	migratory	stopover,	nesting	or	
residency	 site.	 Maintaining	 bird	 habitat	 is	 an	 emphasis	 within	 the	 goals	 of	 the	 Natural	
Lands	Section.			
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Current	Conditions	
The	Wetlands	 is	 one	 of	 the	most	 intensively	managed	 units	 in	 the	 Natural	 Lands	
Section	due	to	recent	efforts	in	restoration	and	the	focus	of	funding.		Most	of	the	desirable	
woody	 and	 herbaceous	 plants	 were	 planted.	 Visual	 observations	 indicate	 minor	 native	
plant	regeneration	most	likely	due	to	management	which	currently	favors	the	existing	and	
added	collection.		
There	are	a	variety	of	native	wetland	tree	species	including	large	canopy	trees	such	
as	Acer	rubrum,	Acer	saccharinum,	Betula	nigra,	Nyssa	sylvatica,	Platanus	occidentalis,	Salix	
nigra,	Quercus	bicolor,	Quercus	palustris,	Quercus	rubra	and	small	understory	trees	such	as	
Carpinus	caroliniana,	Ptelea	trifoliata	and	Staphylea	trifolia.	Masses	of	shrubs	include	Alnus	
serrulata,	 Alnus	 rugosa,	 Cephalanthus	 occidentalis,	 Cornus	 amomum,	 Ilex	 verticillata,	
Physocarpus	opulifolius,	Viburnum	dentatum,	Viburnum	 lentago	and	Viburnum	prunifolium.	
Desirable	herbaceous	plants	occurring	within	the	site	include	Asclepias	incarnata,	Asclepias	
syriaca,	 Eupatorium	 perfoliatum,	 Bidens	 cernua,	 Lobelia	 siphilitica,	 Lycopus	 americanus,	
Mimulus	ringens,	Sagittaria	latifolia,	Saururus	cernuus	and	Vernonia	noveboracensis.		
Native	 species	 within	 the	 Cyperaceae,	 Juncaceae	 or	 Poaceae	 captured	 in	 the	
herbaceous	 plots	 included	 Carex	 lurida,	 Cyperus	 lupulinus,	 Eleocharis	 palustris,	 Scirpus	
cyperinus	and	Scirpus	georgianus.	Seedlings	of	Acer	saccharinum	were	noted	within	a	 few	
herbaceous	plots,	however	no	other	shrub	or	tree	species	were	recorded.	Although	native	
species	were	present	in	a	 large	portion	of	the	plots,	their	RIV’s	were	low.	 	Nonnative	and	
invasive,	 nonnative	 species	 including	Ampelopsis	 brevipedunculata,	Galega	 officinalis,	 Iris	
pseudacorus,	 Lonicera	 japonica,	 Lysimachia	 nummularia,	 Lysimachia	 vulgaris,	 Lythrum	
salicaria,	 Phalaris	 arundinacea,	 Phragmites	 australis	 and	 Ranunculus	 ficaria,	 occupied	 a	
large	portion	of	the	herbaceous	plots.		
Data	 from	 the	 botanical	 survey	 and	 visual	 observations	 indicates	 minimal	
regeneration	 of	 tree	 and	 shrub	 species.	 Deer	 browse	 is	 heavy	 in	 this	 section	 which	 is	
reflected	in	the	lack	of	woody	plant	regeneration,	the	high	amount	of	nonnative	herbs,	and	
the	paucity	of	native	herbaceous	plants.			
Desired	Future	Conditions	with	Measurable	Objectives	
The	 area	 was	 designed	 to	 create	 a	 variety	 of	 cover	 types	including	 low	 growing	
herbaceous	plants,	dense	shrubs,	and	specimen	trees.	Windows	and	areas	of	low	growing	
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plants	 allow	 for	 views	 into	 the	 wetland	 pond	 and	 should	 be	 maintained	 as	 the	 plants	
mature.	Also,	the	design	of	the	wetland	provides	a	unique	advantage	in	allowing	for	close‐
up	encounters	with	some	of	the	wildlife.		
The	wetlands	provide	a	diversity	of	habitats	as	evidenced	by	the	variety	of	bird	and	
insect	species	recorded.		Management	must	seek	ways	to	be	in	tandem	with	wildlife	needs	
by	providing	high	quality	habitat.	The	area	should	be	managed	to	benefit	wildlife	by	using	
plants	 that	 provide	 food	 and	 cover,	 and	 scheduling	maintenance	to	 best	 suit	 breeding,	
nesting,	and	migration	patterns.				
There	 are	 inner	 and	 outer	 loop	 paths	 that	 circulate	 around	 the	 wetlands	 and	
riparian	areas.	The	paths	should	meander	 in	a	way	to	balance	vantage	points	 for	visitors	
and	 concealed	 areas	 for	 wildlife	 to	 seek	 shelter.	The	 placement	 of	 the	 paths	 should	 not	
cause	further	compaction	to	tree	roots	or	the	stream	bank.		
Since	 this	 area	 was	 recently	 restored,	 it	 is	 of	 high	 importance	 that	 management	
efforts	 be	 directed	 towards	 monitoring	 and	 reducing	 invasive	 plant	 species	 which	
consistently	 encroach	 into	 the	 wetlands.	 	 It	 is	 of	 equal	 importance	 to	 encourage	 and	
maintain	 young	 plants	 from	 the	 Arboretum	 Living	 Collection	 and	 support	 native	
regeneration.	New	plantings	should	emphasize	species	which	demonstrate	deer	tolerance.	
Management	Actions	for	Year	2015	
 Reduce	 nonnative,	 invasive	 plants	 which	 include	 Ampelopsis	 brevipedunculata,	
Galega	officinalis	(noxious	weed),	Lythrum	salicaria	(noxious	weed)	and	Phragmites	
australis.		
 Restrict	the	extent	of	Typha	latifolia,	a	native	but	highly	invasive	plant.	
 Increase	knowledge	on	spread	and	control	of	Phalaris	arundinacea.		
 Monitor	the	regrowth	of	Salix	nigra	at	the	outflow	which	has	been	thinned	to	create	
a	visual	barrier	into	the	pond.	Determine	if	more	trees	should	be	cut	in	March	2015	
to	promote	suckering	and	further	screening.	
 Improve	 the	circulation	 for	vehicle	and	pedestrian	access.	 	 	Address	 issues	of	root	
compaction	and	limb	up	tree	branches	along	paths.	Consider	restoring	the	path/turf	
area	near	Paper	Mill	Run	Bridge	with	meadow	or	shrubs.		
 Develop	 plans	 for	 improving	 connection	 between	 the	wetlands	 and	 the	woodland	
trail.		
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 Experiment	 with	 mowing	 regime	 and	 research	 future	 tread	 material	 for	 the	 link	
between	the	wetlands	and	woodland	trail.		
 Long	Term	Goals	
 Expand	the	planted	area	and	increase	structure	on	the	outer	path	which	currently	
consists	of	somewhat	evenly	spaced	specimen	trees.		
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Management	Unit:	Wetland	Woods	
Site	Overview	
The Wetland Woods is an early successional forest edge that lies below the 100-year 
flood line.  It is transitional between the Wetlands and Penn’s Woods. The outflow water from 
the wetland flows through this area into the Wissahickon Creek. The moisture varies throughout 
the season, during the wet season there is a small depression which holds a pool of water.	This	
seasonal	 pool	 could	 be	 an	 interesting	 area	 to	 gain	more	 information	 about.	 The	 area	 is	
potentially	important	for	waterfowl,	especially	wood	ducks	that	are	frequently	seen	there	
in	the	late	spring	with	their	young.	It	may	also	provide	habitat	for	amphibians.	
The	edge	of	 this	section	 is	 fairly	visible	as	the	backdrop	 landscape	behind	Gemination	
Sculpture	and	from	the	adjacent	woodland	trail	connecting	Penn’s	Woods	to	the	Wetlands.		
Current	Conditions		
The	canopy	of	Wetland	Woods	is	predominantly	Acer	negundo	followed	by	Diospyros	
virginiana	 and	Gymnocladus	 dioica.	 Nonnative,	 invasive	 trees	 include	Tetradium	 daniellii	
and	 Phellodendron	 amurense,	which	 are	 present	 in	 the	 canopy	 and	 as	 seedlings	 in	 the	
herbaceous	plots.	Native	trees	within	the	shrub	layer	are	very	limited,	species	include	Acer	
negundo	and	Fraxinus	sp.	
No	 native	 species	 were	 recorded	 in	 the	 shrub	 plots.	 The	 predominant	 nonnative	
species	in	the	shrub	plots	included	Ligustrum	sp.	and	Lonicera	maackii	consisting	of	50%	of	
the	 shrub	 composition;	 other	 species	 included	 Callicarpa	 japonica,	 Celastrus	 orbiculatus,	
Ligustrum	ovalifolium,	Rosa	multiflora	and	Rhamnus	cathartica.		
Several	native	herbaceous	plants	characteristic	of	 the	wet,	 low‐lying	nature	of	 this	
site	 are	 present	with	 high	RIV’s	 including	Ageratina	altissima,	Verbesina	alternifolia,	 and	
Elymus	 virginicus.	 	 Additional	 native	 herbaceous	 plants	 with	 lower	 RIV’s	 include	 Carex 
blanda, Carex lupulina,	 Cryptotaenia	 canadensis,	 Persicaria	 virginiana,	 and	 Verbena	
urticifolia. Nonnative	invasive	plants	are	prolific	throughout	the	herbaceous	plots	including	
Allium	 vineale,	 Ampelopsis	 brevipedunculata,	 Lonicera	 japonica,	 Lonicera	 maackii,	
Lysimachia	 nummularia,	 Rhamnus	 cathartica,	 Rosa	 multiflora	 and	 Viburnum	 dilatatum.		
Other	less	abundant	nonnative	plants	are	Euphorbia	pilosa	and	Microstegium	vimineum.		
Native	 plant	 regeneration	 appears	 to	 be	 minimal	 at	 this	 site	 due	 to	 deer	
overpopulation	and	invasive	species.		Trees	and	shrubs	should	be	planted	on	a	timescale	to	
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replenish	and	support	a	healthy	age	regime.		Preparation	of	this	site	prior	to	planting	will	
be	critical	 to	 its	success.	Toxicodendron	radicans	was	prolific	 in	 the	herbaceous	plots	and	
into	the	canopy.	Although	it	 is	a	native	vine	and	its	fruits	are	eaten	by	birds,	it	also	poses	
management	 challenges	 due	 to	 its	 aggressive	 climbing	 behavior	 and	 action	 as	 a	 human	
irritant.			
Desired	Future	Conditions	with	Measurable	Objectives	
Wetland	 Woods,	 a	 low‐lying	 floodplain	 forest,	 should	 contain	 plant	 species	 that	
thrive	 in	 these	 conditions,	 including	 tree	 species	 such	 as	 Acer	 saccharinum,	 Platanus	
occidentalis	 and	 Quercus	 palustris	 and	 shrub	 species	 such	 as	 Cephalanthus	 occidentalis,	
Cornus	 amomum	 and	 Ilex	 verticillata.	 Toxicodendron	 radicans	 should	 be	 reduced	 to	 a	
manageable	level	so	that	it	doesn’t	interfere	with	the	success	of	new	plantings.		
This	area	has	not	received	much	attention	in	recent	years	and	therefore	is	lower	in	
priority	 for	managing	 invasive	 species.	 	 However,	 time	 should	 be	 allocated	 each	 year	 to	
reduce	the	spread	of	aggressive	vines	and	non‐native	fruiting	shrubs.	The	goal	should	be	to	
replenish	 the	 woodland	 with	 young	 canopy	 trees	 to	 promote	 a	 healthy	 lifespan	 and	
composition.		Eventually,	the	plant	composition	in	this	area	should	be	representative	of	the	
plants	of	 the	Wissahickon	Valley	with	showy,	 flowering	trees	and	shrubs	highlighting	the	
edge.		
Management	Actions	for	2015	
 Remove aggressive vines. 	
 Remove nonnative, invasive shrubs which are management threats to new plantings and 
natural regeneration of desired species.	
 Prepare and plant areas with native canopy trees. 	
 Encourage	native	plant	regeneration	by	protecting	seedlings.	
 Increase	the	shrub	layer	at	the	outflow	to	provide	better	cover	for	waterfowl.	
 Explore	and	determine	if	the	seasonal	pool	is	a	point	of	interest.			
Long	Term	Goals	
 Plant	showy	native	trees	and	shrubs	to	enhance	the	edge	and	entrance	corridor.	
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MONITORING	AND	EVALUATION	
This	 project	 has	 expanded	 the	 knowledge	 of	 the	 Natural	 Lands	 Section	 through	
compiling	 data	 on	 the	 physical	 conditions	 and	 collecting	 baseline	 data	 on	 the	 biological	
conditions	of	the	site.		Based	on	the	existing	and	learned	information	this	management	plan	
has	 organized	 management	 objectives	 and	 prescribed	 the	 best	 long	 and	 short‐term	
management	 actions.	 	 The	 adaptability	 of	 this	management	 plan	 is	 critical	 as	 it	 requires	
ongoing	monitoring	to	document	the	effect	of	management	actions	followed	by	use	of	the	
results	to	update	knowledge	and	adjust	future	actions.		In	the	future,	the	botanical	survey	
should	be	used	as	a	baseline	 to	determine	change	which	can	 then	be	evaluated	 to	adjust	
management	objectives.				
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DISCUSSION	
There	 are	 several	 indicators	 of	 forest	 health	 which	 can	 be	 drawn	 upon	 while	
considering	the	current	and	future	status	of	the	Natural	Lands	Section.		The	majority	of	the	
canopy	 trees	 throughout	 are	 native	 species	 which	 contribute	 great	 benefits	 to	 the	
ecosystem	 including	 providing	 habitat	 and	 seed	 for	 forest	 regeneration.	 	 The	 native	
understory	 and	 herbaceous	 layer	 are	 in	 poor	 health	 due	 to	 over	 browsing	 by	 deer	 and	
competition	 with	 nonnative,	 invasive	 species.	 	 The	 understory	 and	 herbaceous	 layers	
provide	food	and	shelter	for	wildlife	and	contain	the	young	trees	which	will	grow	into	the	
future	forest	canopy,	they	are	a	critical	component	of	a	healthy	forest.		In	order	to	achieve	
overall	management	objectives	which	include	increasing	abundance	and	diversity	of	native	
plant	species,	reducing	nonnative,	invasive	plant	species,	increasing	the	understory	layer	of	
native	plant	species,	and	maximizing	function	and	display	of	a	variety	of	habitat	types,	the	
following	management	issues	must	be	addressed.			
Reduce	Impacts	of	Deer	Overpopulation			
The	botanical	survey	and	observations	show	that	pressure	from	deer	browse	is	the	
number	 one	 limiting	 factor	 that	 challenges	 management	 in	 reaching	 desired	 future	
conditions.	 The	 understory/shrub	 and	 herbaceous	 layers	 lack	 a	 healthy	 amount	 and	
diversity	of	native	species,	rather	these	forest	layers	are	dominated	by	nonnative,	invasive	
species.	Although	native	seedlings	of	trees	including	Acer	negundo,	Acer	rubrum,	Carya	sp.,	
Fraxinus	 sp.,	 Liriodendron	 tulipifera,	 and	Magnolia	 tripetala,	were	 present	 in	 herbaceous	
plots,	 they	were	not	 readily	 observed	 in	 understory/shrub	plots.	Native	 plants	 currently	
existing	within	 the	 forested	understory	have	been	planted	and	great	effort	has	gone	 into	
protecting	 those	 plants	 with	 stakes	 and	 fencing.	 Under	 current	 conditions	 forested	
sections,	including	Bald	Cypress	Woods,	Penn’s	Woods,	South	Woods	and	Wetland	Woods,	
will	be	unable	to	renew	themselves.		
Since	 the	1920’s	Pennsylvania	has	been	experiencing	 increases	 in	deer	population	
levels	which	cause	serious	negative	impacts	on	forests.	Native	forests	prior	to	colonization	
had	evolved	with	5‐10	deer	per	square	mile	(Steckle	and	Harper	2008).		Current	statewide	
deer	density	averages	25	deer	per	forested	square	mile,	and	in	some	suburban	areas,	100	
per	 square	 mile,	 that	 is	 5	 to	 10	 times	 more	 than	 the	 population	 prior	 to	 colonization	
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(Steckle	and	Harper	2008).	The	significant	rise	in	population	in	suburban	and	urban	areas	
is	due	to	extirpation	of	natural	predators,	decrease	in	open	space	due	to	increasing	human	
population	 and	 development,	 and	 dwindling	 numbers	 of	 hunters.	 	 Historically,	 keystone	
species	and	apex	predators	 in	Pennsylvania	played	a	key	role	 in	balancing	the	ecosystem,	
including	keeping	the	deer	population	in	check.	Today,	overpopulation	of	deer	is	one	of	the	
largest	 issues	 affecting	 the	 health	 of	 Pennsylvania’s	 current	 and	 future	 forests	 (Forest	
2014).		
Overpopulation	 of	 deer	 significantly	 alters	 the	 development	 of	 forest	 vegetation.		
Since	 deer	 have	 evolved	 with	 native	 vegetation,	 they	 selectively	 browse	 these	 familiar	
species	and	find	nonnative	plants	unpalatable.	As	a	result,	overall	abundance,	diversity	and	
regeneration	of	native	vegetation	are	diminished.	Browsing	pressure	eventually	exhausts	
the	 seed	 bank	 and	 regeneration	 is	 slowed	 preventing	 the	 forest	 from	 renewing	 itself,	
eliminating	 the	 shrub	 and	 understory	 layers,	 thereby	 hampering	 long	 term	 ecological	
health.		The	suggested	population	target	by	Pennsylvania	Game	Commission	is	15‐20	deer	
per	square	mile	 to	sustain	minimal	 forest	regeneration	and	5‐10	deer	per	square	mile	 to	
sustain	a	high	diversity	of	native	species	(Steckle	and	Harper	2008).		Not	until	deer	density	
is	substantially	reduced	will	the	forest	be	able	to	renew	itself	overtime.	Figure	9	is	a	photo	
taken	inside	the	deer	exclosure	at	Bowman’s	Hill	Wildflower	Preserve,	note	the	density	of	
stems	compared	to	Figure	10	and	11	which	are	photos	of	the	Arboretum	forests.		
The	issues	with	deer	overabundance	and	spread	of	invasive	plant	species	are	closely	
associated.	 Disturbance	 associated	 with	 deer	 over	 population	 increases	 the	 successful	
spread	of	invasive	plant	species.		Invasive	plants	naturally	thrive	in	disturbed	areas	and	are	
minimally	browsed	by	deer.	 	 They	 are	 therefore	 able	 to	 encroach	within	 all	 layers	 of	 the	
forest,	including	the	seed	bank.	The	result	is	degraded	habitat	for	native	insects,	birds	and	
other	animals.				
The	Arboretum	has	an	eight‐foot	high	cast	iron	fence	around	a	large	portion	of	the	
property.	 	 There	 are	 gaps	 in	 the	 fence	 and	 width	 and	 height	 do	 not	 fully	 exclude	 deer.		
Short‐term	 management	 strategies,	 such	 as	 selecting	 deer	 resistant	 species,	 erecting	
tree/shrub	cages	and	miniature	exclosures	can	reduce	negative	impacts	from	deer.	These	
methods	require	materials	including	zip	ties,	wooden	stakes,	rebar,	fencing	and	tree	tubes,	
which	add	to	the	cost	of	every	planting	installed.	In	addition	to	the	cost	of	materials	is	the	
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time	and	labor	spent	purchasing,	installing	and	maintaining	these	structures.	 	There	is	no	
guarantee	that	without	these	protective	measures	native	plants	could	survive.			Feasibility	
of	other	options	such	as	installing	larger	deer	exclosures	should	be	further	explored.		Local	
gardens	 which	 have	 successfully	 installed	 deer	 exclosures	 in	 varying	 sizes	 include	
Bowman’s	 Hill	 Wildflower	 Preserve,	 Duke	 Farms,	 Longwood	 Gardens,	 Mt.	 Cuba	 Center,	
Philadelphia	Fairmount	Park	and	Tyler	Arboretum.	Deer	exclosures	can	be	built	 to	allow	
pedestrian	 access	 which	 offers	 people	 a	 rare	 opportunity	 to	 experience	 what	 a	 forest	
should	look	like	in	the	absence	of	heavy	browsing.		
Most	 of	 the	native	 plants	 growing	 in	 abundance	within	 the	Natural	 Lands	 Section	
can	 be	 assumed	 to	 have	 a	 high	 degree	 of	 resistance	 to	 deer	 browse	 and	 characteristics	
which	allow	them	to	compete	with	 invasive	plants.	New	plantings	of	native	plant	species	
should	emphasize	species	which	demonstrate	deer	tolerance.	These	plants	can	be	used	to	
diversify	 the	 plants	 within	 the	 landscape.	 For	 example,	 Verbesina	 alternifolia	 is	 a	 large,	
yellow	 flowering	 plant	 in	 the	 Aster	 Family	 found	 thriving	 in	 sun	 to	 partial	 sun	 in	 edge	
conditions	 within	 South	 Woods,	 Meadows	 and	 other similar habitats. The list of faunal 
associations is extensive. Frequent insect visitors to the flower are the long and short tonged 
bees, butterflies and skippers, and several species of caterpillars and beetles feed on the foliage 
(Hilty 2012). Plants within the Cyperaceae would be beneficial species to further incorporate in 
restoration plantings within the Natural Lands Section. They are fairly resistant to deer browse 
and have many ecological benefits. Several sedge species occur throughout the Natural Lands 
Section include Carex amphibola, C. blanda, C. digitalis, C. lupulina and C. lurida.   
Delaware	 Valley	Wildlife	 Management	 (DVWM)	 is	 a	 private	 wildlife	 management	
organization.	 	 It	 is	 important	 for	 the	 Arboretum	 and	 at	 the	 watershed	 scale	 that	 we	
continue	 to	 develop	 our	 relationship	 with	 DVWM.	 	 It	 is	 also	 important	 that	 issues	
associated	 with	 deer	 overpopulation	 and	 forest	 health	 be	 communicated	 appropriately	
with	the	public.		
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Figure	9:	Forest	at	Bowman	Hill	Wildflower	Preserve,	inside	a	X	acre	deer	exclosure.		
Figure	10:	Penn’s	Woods	above	outcrop	
Figure	11:	South	Woods	
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Invasive	Plant	Control			
Another	 factor	 that	 greatly	 challenges	management	 is	 the	 abundance	 of	 invasive,	
nonnative	plant	species	which	is	directly	correlated	to	the	overpopulation	of	deer.	Invasive	
plants	 are	 plants	 which	 grow	 quickly	 and	 spread	 aggressively.	 	 They	 tend	 to	 form	 a	
monoculture,	limiting	abundance	and	diversity	of	native	species.	They	proliferate	in	areas	
which	have	experienced	disturbance,	 for	example	over	browsing	by	deer.	 	Characteristics	
of	invasive	plants	may	include	prolific	seed	production,	fast	seed	germination,	early	sexual	
maturity,	 ability	 to	 spread	 sexually	 and	vegetatively	 and	 early	 spring	 leaf	 out.	Nonnative	
invasive	 plants	 have	 been	 taken	 outside	 of	 their	 natural	 range	 where	 they	 are	 typically	
suppressed	 by	 environmental,	 pest	 or	 disease	 conditions.	 The	 introduction	 of	 nonnative	
invasive	plants	has	occurred	accidently,	such	as	in	shipping	material,	or	intentionally,	such	
as	for	ornamental	purposes	or	erosion	control.	The	threat	to	natural	areas	is	that	invasive	
plants	 displace	 native	 plants	 thereby	 altering	 forest	 structure,	 inhibiting	 succession	 and	
forest	 regeneration,	 and	 degrading	 wildlife	 habitat.	 Invasive	 species	 do	 not	 provide	 the	
same	 wildlife	 benefits	 provided	 by	 native	 plants.	 The	 close	 association	 of	 deer	
overpopulation	and	invasive	plants	is	a	fundamental	cause	of	the	success	of	invasive	plants	
and	 the	 inability	 of	 the	 forest	 to	 renew	 itself.	 	 As	 discussed	 earlier,	 over	 browsing	
negatively	impacts	forest	structure,	making	the	forest	vulnerable	and	more	susceptible	to	
plant	invasion,	further	degrading	the	site.		
A	 goal	 of	 the	Natural	Lands	 is	 to	 create	 a	 landscape	which	 relies	on	native	plants	
compatible	with	adjacent	forested	landscapes	such	as	the	Wissahickon	Valley.	The	density	
of	 nonnative,	 invasive	 species	within	 the	 Natural	 Lands	 Section	 is	 overwhelming.	 	 Total	
elimination	 of	 invasive	 plants	 is	 not	 feasible,	 however	 it	 is	 desirable	 to	 reduce	 the	
abundance	of	nonnative,	invasive	species	throughout	the	Natural	Lands	Section.	A	rational	
framework	for	setting	management	objectives	and	priorities	must	be	adopted	for	invasive	
species	management	based	on	the	relative	value	of	different	areas	and	their	 likelihood	of	
successful	prevention	or	control	(Hobbs	1995).	Areas	where	invasive	control	and	planting	
of	 native	 species	 has	 been	 initiated	 should	 be	 the	 highest	 priority	 for	 ongoing	 control	
efforts.	 In	 these	 areas	 it	 may	 be	 appropriate	 to	 specifically	 target	 species	 which	 are	
reducing	diversity	 and	overall	 habitat	quality.	 	Areas	with	no	past	management	 effort	 or	
current	funding	are	less	of	a	priority	concerning	invasive	species	removal	and	restoration.			
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Reduce	Negative	Effect	of	Forest	Edge	
The	Natural	Lands	Section	includes	a	variety	of	habitat	types	 in	which	no	distance	
from	edge	to	edge	is	greater	than	50	meters,	all	habitat	types	are	too	small	to	be	considered	
interior.	 Edge	 habitat	 is	 the	 exterior	 portion	 of	 an	 area	 which	 surrounds	 the	 interior.		
Interior	habitat	is	considered	to	be	at	least	100	meters	from	all	edges	(Steckle	and	Harper	
2008).	Less	common,	specialist	species	are	associated	with	interior	habitat	where	there	are	
lower	 levels	of	predation	and	competition.	The	edge	effect	occurs	within	the	transition	of	
community	 structure	 between	 two	 habitat	 types.	 	 The	 edge	 is	 greatly	 influenced	 by	
surrounding	 environmental	 factors	 including	 increased	 light	 and	 wind.	 Edge	 is	 more	
tolerable	 for	 common	 generalist	 species.	 	 Often	 these	 species	 are	 accustomed	 to	 several	
different	habitat	types	and	are	seen	in	the	edge	as	they	travel	from	one	habitat	to	another.		
Research	 has	 indicated	 that	 increased	 nonnative	 invasive	 plant	 species	 and	 elevated	
predator	density	within	the	edge	can	be	explained	through	the	theory	of	an	ecological	trap.	
Ecological	 traps	 are	 scenarios	 in	 which	 rapid	 environmental	 change	 leads	 organisms	 to	
prefer	to	settle	in	poor‐quality	habitats,	such	as	edge.		Traps	are	thought	to	occur	when	the	
attractiveness	of	a	habitat	increases	relative	to	its	value	for	survival	and	reproduction.		The	
theory	describes	the	reason	why	organisms	may	prefer	sink	patches	over	source	patches.		
Early	 accounts	 in	 wildlife	 management	 included	 reports	 of	 greater	 diversity	 near	 edge	
habitat,	 adding	 to	 the	 general	 conception	 that	 edges	 were	 good	 for	 wildlife	 and	 their	
creation	was	 often	 recommended	 in	management	 (Ries	 2004).	 	 However	 we	 now	 know	
otherwise,	 and	 management	 has	 transitioned	 away	 from	 encouraging	 edge	 for	 its	
associations	with	game	 loving	species	 to	 large	blocks	of	contiguous	 forest	or	grassland	to	
protect	interior	species	and	habitat	diversity	(Ries	2004).		
As	 habitat	 patches	 become	 smaller	 and	 more	 irregularly	 shaped,	 they	 become	
increasingly	dominated	by	edge	habitat.		Forest	fragmentation	can	be	reduced	by	restoring	
links	 between	 patches	 or	 minimizing	 edge	 effects.	 These	 concepts	 can	 be	 applied	 at	 a	
smaller	scale	within	the	Natural	Lands	Section.	Reducing	the	edge	effect	can	be	achieved	by	
extending	and	 improving	 forest	 cover	 and	 increasing	native	plant	diversity.	Habitat	 areas	
could	be	expanded	to	a	certain	extent	but	will	always	be	limited	by	the	nature	and	size	of	
the	property.		
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CONCLUSION	
In	 2014	 the	 Arboretum	 welcomed	 approximately	 130,000	 visitors	 who	 passed	
through	the	Natural	Lands	Section.	This	section	is	the	segue	between	the	entrance	and	the	
formal	garden,	currently	serving	as	the	first	impression	for	all	visitors.		The	Natural	Lands	
Section	 supports	 a	 plethora	 of	 activities	 and	 attractions	 including	 annual	 bird	 counts,	
wetland	tours,	and	children	and	adult	classes.	The	area	encompasses	a	variety	of	habitats	
adjacent	to	the	beautiful	Wissahickon	Creek	which	provides	a	unique	experience	to	visitors	
within	 an	 urban	 setting.	 It	 is	 the	 goal	 of	 the	 Natural	 Lands	 Section	 to	 enhance	 this	
experience	 through	 creating	a	 landscape	which	 relies	on	native	plants	 and	 is	 compatible	
with	adjacent	forested	landscapes	such	as	the	Wissahickon	Valley.		
The	Natural	 Lands	 Section	 contributes	 to	 the	 Arboretum’s	mission	 to	 promote	 an	
understanding	of	the	relationship	between	people,	plants	and	place.		It	accomplishes	this	by	
engaging	 visitors	 at	 the	 individual	 level;	 as	 well	 as	 landowners,	 professionals	 and	
municipalities.	It	defines	connections	to	facilitate	awareness	and	appreciation	of	land	as	a	
critical	 natural	 resource.	 It	 communicates	 the	 significance	 of	 environmental	 stewardship,	
including	 the	 responsibility	 of	 planning	 and	 managing	 resources	 within	 the	 community.		
Current	and	 future	management	of	 the	Natural	 Lands	Section	does	 and	will,	 respectively,	
operate	through	an	ecological	perspective.		The	area	is	and	will	be	maintained	as	a	resource	
for	 public	 education	 through	 display,	 interactions,	 and	 practice.	 In	 addition	 best	
management	practices	are	presented	as	an	exhibit	of	techniques	on	a	variety	of	landscape	
and	habitat	types.		
This	project	has	assembled	 the	 framework	 for	an	adaptive	management	plan	 for	a	
variety	of	purposes	including	operational	management,	planning,	and	fundraising	for	future	
development.	 An	 assessment	 of	 the	 current	 status	 of	 the	 site	was	 conducted	 through	 an	
examination	 of	 the	 physical	 conditions	 and	 the	 botanical	 survey.	 	 	 The	 survey	 will	 later	
serve	 as	 baseline	 data	 for	 future	 monitoring,	 evaluation	 and	 further	 investigation.		
Determination	 of	 future	 desired	 conditions	 with	 measurable	 objectives	 were	 discussed	
within	each	management	unit.	 	Design	and	implementation	of	ways	to	accomplish	desired	
objectives	were	listed	as	maintenance	actions.		
Overall objectives for the Natural Lands Section include increasing	 abundance	 and	
diversity	of	native	plant	species,	reducing	nonnative,	invasive	plant	species,	increasing	the	
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understory	layer	of	native	plant	species,	and	maximizing	function	and	display	of	a	variety	of	
habitat	types.		The	goal	of	the	Natural	Lands	is	to	create	a	landscape	which	relies	on	native	
plants	and	is	compatible	with	adjacent	forested	landscapes	such	as	the	Wissahickon	Valley.		
The	 results	 of	 this	 project	 further	 reveal	 the	 ecological	 issues	 associated	 with	 an	
urban	 landscape	 disturbed	 by	 the	 negative	 impacts	 from	 overpopulation	 of	 deer	 and	
invasive	 plant	 species.	 The	 challenge	 is	 upon	 the	 Arboretum	 to	 provide	 landowners,	
students,	professionals	and	municipalities	with	current	information	and	realistic	examples	
of	smart	stewardship	practices.	This	project	has	been	an	attempt	to	gather	the	information	
needed	to	manage	the	Natural	Lands	Section	within	an	adaptive	framework.				
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Appendix	1:	Botanical	Survey	2014‐	Trees	(<12cm)
Management	Unit Species	List RIV
Bald	Cypress	Swamp Acer	negundo 28.13103716
Fraxinus	sp. 13.38579547
Juglans	sp. 10.16213223
Gymnocladus	dioica 8.272414191
Taxodium	distichum 7.499565876
Platanus	occidentalis 5.013339188
Acer	platanoides 3.614448181
Acer	saccharinum 3.371756233
Liriodendron	tulipifera 3.129958897
Diospyros	virginiana 2.432996308
Paulownia	sp. 2.238803473
Metasequoia	glyptostobodies 2.096567286
Salix	nigra 2.041135831
Quercus	rubra 1.226160701
Prunus	serotina 0.959808786
Acer	rubrum 0.779399718
Tsuga	canadensis 0.688392851
Carya	sp. 0.535584049
Malus	sp. 0.510515793
Pyrus 0.502159708
Tilia	americana 0.495458294
Hawthorn	sp. 0.477422387
Maclura	pomifera 0.462033953
Ulmus	parvifolia 0.455332539
Betula	lenta 0.39510254
Unknown 0.39510254
Catalpa	bignonioides 0.374005493
Carya	cordiformis 0.353570315
Total 100
Meadow/Field Juglans	nigra 23.33672899
Quercus	palustris 10.1483189
Nyssa	sylvatica 8.055038333
Quercus	rubra 5.434806069
Acer	rubrum	'Franksred'	or	'PNI	0268' 4.968226585
Cornus	florida	'Cherokee	Princess' 4.280353394
Acer	rubrum 4.256756971
Unknown 4.19017559
Paulownia	sp. 4.168116209
Salix	nigra 3.577383363
Quercus	bicolor 3.21212934
Gleditsia	aquatica 2.300923174
Fraxinus	sp. 1.97943022
Appendix	1:	Botanical	Survey	2014‐	Trees	(<12cm)
Ulmus	carpinifolia	'Christine	Buisman' 1.884313962
Betula	nigra 1.816842299
Ulmus	americana	'Valley	Forge' 1.60606467
Tilia	americana 1.60606467
Betula	nigra	'Cully' 1.600296814
Zelkova	serrata 1.503848928
Acer	negundo 1.378866164
Quercus	acutissima 1.255785725
Carya	cordiformis 1.163522955
Cercis	canadensis 1.092946691
Quercus	coccinea 0.996308572
Catalpa	bignonioides 0.904616499
Aesculus	hippocastanum 0.838035118
Fraxinus	quadrangulata 0.838035118
Prunus	serotina 0.803032335
Quercus	macrocarpa 0.803032335
Total 100
Penn's	Woods Fagus	grandifolia 18.69841974
Fraxinus	sp. 8.719090921
Tsuga	canadensis 7.704691342
Betula	lenta 7.00389899
Tetradium	daniellii 5.281331699
Chamaecyparis	obtusa 5.061533884
Acer	rubrum 4.180292026
Halesia	carolina 3.347896975
Prunus	serotina 3.331387888
Quercus	sp. 2.950829831
Nyssa	sylvatica 2.240733036
Cornus	florida 2.227025363
Unk 2.099549892
Magnolia	accuminata 2.02601191
Quercus	alba 2.003642802
Liriodendron	tulipifera 1.979837892
Phellodendron	amurense 1.739827024
Acer	platanoides 1.59457973
Thuja	plicata 1.467071516
Prunus	sp. 1.376713464
Magnolia	tripetala 1.206875578
Quercus	rubra 1.116407597
Thuja	plicata	'Atrovirens' 1.068624767
Acer	saccharum 1.030261014
Acer	sp. 1.019537111
Acer	negundo 0.939563881
Appendix	1:	Botanical	Survey	2014‐	Trees	(<12cm)
Cladrastis	kentukea 0.756771261
Viburnum	prunifolium 0.740935633
Quercus	acutissima 0.670797688
Quercus	velutina 0.639229308
Ilex	opaca 0.638116243
Aesculus	hippocastanum 0.614966097
Carpinus	caroliniana 0.606547862
Quercus	prinus 0.525583139
Sassafras	albidum 0.456417993
Rhamnus	cathartica 0.445053376
Magnolia	fraseri 0.403518735
Tilia	americana 0.328680628
Juglans	major 0.296186242
Magnolia	macrophylla 0.285663449
Magnolia	sp. 0.277245214
Chamaecyparis	pisifera 0.275140655
Euonymus	europeus 0.214108453
Diospyros	virginiana 0.211077889
Ostrya	virginiana 0.198324263
Total 100
Riparian	Cooridor Acer	negundo 24.49146461
Acer	saccharinum 8.870926332
Fraxinus	sp. 6.418176402
Platanus	occidentalis 6.333362844
Juglans	nigra 3.598045405
Unknown 3.024532909
Betula	nigra	'BNMTF',	'Cully' 2.739975385
Phellodendron	amurense 2.593955309
Taxodium	distichum 2.409516593
Ulmus	americana 2.343987344
Acer	rubrum 2.22135234
Betula	lenta 2.186762532
Metasequoia	glyptostobodies 1.976956232
Ulmus	carpinifolia 1.918553776
Gymnocladus	dioica 1.906745264
Catalpa	bignonioides 1.635264829
Malus	sp. 1.56655715
Tilia	americana 1.553360529
Salix	sp. 1.449522798
Betula	nigra 1.440008521
Juglans	sp. 1.372593191
Carya	cordiformis 1.325743524
Cornus	florida	'Cherokee	Princess',	'Cloud	9' 1.238718714
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Acer	rubrum	'Franksred',	'PNI	0268' 0.932989911
Maclura	pomifera 0.90947618
Amelanchier	laevis 0.849650877
Acer	saccharum 0.7669522
Cercis	canadensis 0.735490095
Amelanchier	canadensis 0.646311594
Fraxinus	pennsylvanica 0.637068359
Carpinus	caroliniana 0.635571012
Quercus	bicolor 0.605405608
Magnolia	tripetala 0.591520415
Carya	sp. 0.571571336
Tsuga	canadensis 0.528234674
Tetradium	daniellii 0.514608637
Ulmus	sp. 0.440956651
Taxodium	distichum	'Monarch	of	Illinois' 0.415789713
Fraxinus	americana 0.394487263
Prunus	sp. 0.344377804
Gleditsia	triacanthos 0.343369974
Acer	sp. 0.331132046
Chionanthus	virginicus 0.286960325
Aesculus	hippocastanum 0.238518471
Gingko	biloba 0.232514688
Salix	nigra 0.222436394
Ulmus	americana	'Valley	Forge' 0.203719563
Ulmus	rubra 0.192507479
Ostrya	virginiana 0.18914923
Rhamnus	cathartica 0.188458147
Prunus	serotina 0.18785345
Paulownia	sp. 0.186442488
Platanus	x	acerifolia 0.185002732
Liquidambar	styraciflua 0.173772634
Ilex	opaca 0.172044926
Acer	platanoides 0.169035836
Morus	sp. 0.164558194
Morus	rubra 0.159913989
Catalpa	speciosa 0.156207608
Cornus	florida 0.15548773
Quercus	phellos 0.15548773
Zelkova	serrata 0.152579422
Paulownia	tomentosa 0.149728705
Rhus	typhina 0.143249802
Magnolia	accuminata 0.123323575
Total 100
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Taylor	Woods Acer	negundo 33.71647108
Fraxinum	sp. 14.16969797
Liriodendron	tulipifera 13.35483306
Acer	rubrum 9.248487459
Juglans	sp. 5.962724216
Prunus	serotina 2.882132617
Fagus	grandifolia 2.667594784
Magnolia	tripetala 1.941715154
Aesculus	hippocastanum 1.900129276
Zelkova	serrata 1.638198527
Quercus	sp. 1.525804262
Cercis	canadensis 1.136170809
Tsuga	canadensis 1.123058145
Cladrastis	kentukea 1.101931769
Tetradium	daniellii 1.080910295
Prunus	sp. 1.076227201
Cornus	'Rutban' 0.973199124
Malus	sp.	 0.973199124
Unkown 0.917001991
Cornus	florida 0.898269614
Platanus	occidentalis 0.870171048
Carya	cordiformis 0.842072481
Wetlands Total 100
Betula	nigra	(mass	10) 32.35800145
Salix	nigra	(mass	7	plants) 23.24334415
Unknown 11.25981009
Quercus	bicolor 10.78815591
Platanus	occidentalis 9.04352813
Acer	rubrum 7.593847788
Quercus	palustris 3.182029876
Salix	alba	'Coccinea' 2.531282596
Total 100
Wetland	Woods Diospyros	virginiana 23.18078131
Unk 18.0845314
Acer	negundo 13.99869832
Gymnocladus	dioica 13.01585748
Fraxinus	sp. 7.803700112
Malus	sp. 7.317913828
Chamaecyparis	obtusa 4.280360938
Ulmus	americana 2.4985274
Pyrus	calleryana 2.269618438
Phellodendron	amurense 2.053069016
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Aesculus	hippocastanum 2.040194496
Chamaecyparis	pisifera 1.80845314
Liquidambar	styraciflua 1.648294114
Total 100
Appendix 3: Botanical Survey 2014-Herbaceous Data, Bald Cypress Swamp
Habitat_plot # Species List RIV
BCS_34 Fraxinus sp. 18.216532
Ranunculus ficaria 15.633423
Toxicodendron radicans 13.746631
Unknown 12.578616
Persicairia longiseta 9.4788859
Impatiens capensis 8.0637916
Lysimachia nummularia 7.0979335
Acer sp. 3.7960467
Carex sp. 3.3243486
Bidens sp. 2.1338724
Boehmeria cylindrica 2.1338724
Glechoma hederacea 2.1338724
Lonicera japonica 1.6621743
Total 100
BCS_35 Aegopodium podagraria 55.289053
Urtica dioica 23.97909
Fraxinus sp. 5.5535055
Toxicodendron radicans 4.1943419
Allaria petiolata 3.6408364
Prunus sp. 1.9126691
Solidago sp. 1.9126691
Carya cordiformis 1.7896679
Metasequoia glyptostroboides 1.7281673
Total 100
BCS_37 Microstegium vimineum 50.522648
Solidago gigantea 9.9738676
Carex sp. 8.5148084
Lysimachia nummularia 6.184669
Viola sp. 5.6184669
Fraxinus sp. 4.8562718
Malus sp. 1.9163763
Ampelopsis brevipedunculata 1.8510453
Geum canadense 1.8510453
Prunus sp. 1.8510453
Ligustrum sp. 1.0235192
Lonicera japonica 1.0235192
Acer negundo 0.9799652
Juglans nigra 0.9799652
Junucus sp. 0.9799652
Liquidambar styraciflua 0.9364111
Zelkova serrata 0.9364111
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Total 100
BCS_38 Lonicera maackii 20.415928
Rubus phoenicolasius 13.540302
Microstegium vimineum 7.7550667
Duchesnea indica 6.5828003
Ampelopsis brevipedunculata 5.4847037
Rosa multiflora 5.2689374
Solidago gigantea 5.1928412
Fraxinus sp. 4.9722586
Lonicera japonica 4.5349464
Liriodendrom tulipifera 4.5339832
Carex sp. 4.0957078
Acer sp. 2.5593357
Hedera helix 1.901441
Celastrus orbiculatus 1.6086152
Oxalis sp. 1.6086152
Rhamnus cathartica 1.6086152
Oxalis stricta 0.9507205
Verbena urticifolia 0.9507205
Euonymus alatus 0.8043076
Iris pseudacorus 0.8043076
Ligustrum sp. 0.8043076
Persicaria longiseta 0.8043076
Poa sp. 0.8043076
Prunus sp. 0.8043076
Toxicodendron radicans 0.8043076
Urtica dioica 0.8043076
Total 100
BCS_ 40 Microstegium vimineum 30.978409
Lonicera japonica 10.528625
Solidago canadensis 5.9973632
Hedera helix 5.5400353
Juncus tenuis 4.8940994
Fraxinus sp. 4.6347166
Carex sp. 4.4791616
Ageratina altissima 3.6446176
Oxalis sp. 3.460678
Rubus phoenicolasius 2.96096
Muhlenbergia sp. 2.6875717
Toxicodendron radicans 2.3951358
Lonicera maackii 1.824643
Duchesnea indica 1.6548958
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Poaceae 1.6266979
Celastrus orbiculatus 1.2541503
Solidago sp. 1.2494818
Parthenocissus quinquefolia 1.1787071
Rhamnus cathartica 1.0655422
Carya cordiformis 0.8722656
Phalaris arundinacea 0.8722656
Phytolacca americana 0.6836576
Geum canadense 0.6082143
Liriodendrom tulipifera 0.6082143
Agrimonia parviflora 0.5704927
Zelkova serrata 0.5704927
Acer sp. 0.5327711
Carya sp. 0.5327711
Erigeron annuus 0.5327711
Lysimachia nummularia 0.5327711
Pilea pumila 0.5139103
Taxodium 0.5139103
Total 100
BCS_41 Toxicodendron radicans 19.691945
Fraxinus sp. 16.784054
Carex sp. 14.753146
Lonicera maackii 6.0636625
Vitis sp. 5.1097511
Oxalis sp. 4.7815235
Microstegium vimineum 4.3285011
Celastrus orbiculatus 4.3131154
Acer sp. 4.1096827
Acer negundo 3.4070706
Allaria petiolata 2.7813868
Prunella vulgaris 2.2189551
Taxodium 1.7813184
Lonicera japonica 1.4377051
Dactylis glomerata 1.2188868
Rhamnus cathartica 1.2188868
Ageratina altissima 1.0000684
Dichanthelium clandestinum 1.0000684
Malus sp. 1.0000684
Persicaria sp. 1.0000684
Poaceae 1.0000684
Prunus sp. 1.0000684
Total 100
Appendix 3: Botanical Survey 2014-Herbaceous Data, Bald Cypress Swamp
BCS_42 Microstegium vimineum 24.746888
Carex sp. 14.229599
Fraxinus sp. 11.073306
Lysimachia nummularia 4.8547718
Lonicera maackii 3.2448133
Persicaria virginiana 3.1065007
Duchesnea indica 3.0373444
Impatiens capensis 2.8298755
Celastrus orbiculatus 2.7607192
Iris pseudacorus 2.7164592
Vitis sp. 2.5532503
Oxalis sp. 2.4149378
Toxicodendron radicans 2.242047
Acer negundo 2.2323651
Solidago gigantea 2.2323651
Acer sp. 2.2074689
Pilea pumila 2.0248963
Rhamnus cathartica 1.6791148
Gymnocladus dioicus 1.4716459
Ligustrum sp. 1.3582296
Symplocarpus foetidus 1.3582296
Ranunculus hispidus 1.219917
Sicyos angulatus 1.0816044
Sagittaria latifolia 1.0124481
Ageratina altissima 0.8049793
Hedera helix 0.8049793
Persicaria sp. 0.7012448
Total 100
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Habitat_plot # Species List RIV
Bald Cypress Swamp _34, 35, Acer negundo 16.30434783
 37, 38, 40, 41, 42 Acer platanoides 13.62876254
Lonicera maackii 13.37792642
Vitis sp. 10.28428094
Gymnocladus dioicus 9.197324415
Celastrus orbiculatus 6.43812709
Toxicodendron radicans 6.02006689
Ampelopsis brevipedunculata 5.183946488
Fraxinus americana 3.595317726
Carya sp. 2.591973244
Berberis thunbergii 2.257525084
Catalpa 2.257525084
Juglans nigra 2.257525084
Ligustrum amurense 2.257525084
Malus sp. 2.257525084
Hibiscus syriacus 2.090301003
Total 100
Penn's Woods_6, 8, 13, 14, 15, Fagus grandifolia 17.36719206
 16, 17, 18, 19, 20, 21, 22, 23, Lonicera maackii 8.240460649
24, 25, 26, 27 Halesia carolina 6.140874595
Magnolia tripetala 5.825770843
Viburnum dilatatum 5.357427161
trail 3.763333864
Euonymus alatus 3.748076209
Prunus serotina 3.645252879
Nyssa sylvatica 2.434591095
Lindera benzoin 2.419333439
Cephalotaxus harringtonia 2.287984928
Symplocos paniculata 2.099586053
Cledastris kentukea 2.071060871
Viburnum prunifolium 1.954970015
Rhodotypos scandens 1.93971236
Ilex opaca 1.865414212
Tetradium danielle 1.749323356
Betula lenta 1.690282864
Aesculus sp. 1.639866263
Acer rubrum 1.473358807
Berberis thunbergii 1.399060659
Celastrus orbiculatus 1.32675264
Hamamelis virginiana 1.254444621
Prunus sp. 1.166878947
Carpinus caroliniana 1.107838455
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Ligustrum amurense 1.064055617
Akebia quinata 0.932707106
Kerria japonica 0.904181924
Callicarpa japonica 0.888924269
Ribes rubrum 0.888924269
Viburnum dentatum 0.845141432
Wisteria sp. 0.823250013
Ligustrum ovalifolium 0.81661625
Hedera helix 0.597702064
Aralia elata 0.553919227
Aralia spinosa 0.51013639
Acer negundo 0.466353553
Liriodendron tulipifera 0.466353553
Phellodendron amurense 0.466353553
Acer japonica 0.422570716
Cornus kousa 0.422570716
Evodia danielii 0.422570716
Malus sp. 0.422570716
Quercus alba 0.422570716
Rhamnus cathartica 0.422570716
Rosa multiflora 0.422570716
Sophore japonica 0.422570716
Ulmus sp. 0.422570716
Cornus florida 0.400679297
Fraxinus americana 0.400679297
Phytolacca americana 0.400679297
Rubus phoenicolasius 0.400679297
Sassafras albidum 0.400679297
Total 100
Riparian Corridor _2, 32 Acer negundo 15.25974026
 33, 36, 39, 43, 44, 45, 46 Lonicera maackii 12.68939394
Bambusa sp. 9.713203463
Juglans nigra 9.00974026
Toxicodendron radicans 8.157467532
Amelanchier sp. 5.844155844
Rhamnus cathartica 5.844155844
Viburnum dentatum 4.058441558
Gleditsia triacanthos 3.760822511
Fraxinus pennsylvanica 3.463203463
Ampelopsis brevipedunculata 3.165584416
Robinia pseudoacacia 3.165584416
Betula nigra 2.867965368
Carpinus caroliniana 2.867965368
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Celastrus orbiculatus 2.57034632
Ilex verticillata 2.57034632
Platanus occidentalis 2.57034632
Cornus sericea 2.421536797
Total 100
Taylor Woods _3, 4, 5, 7, 9, Fagus grandifolia 14.33566434
10, 11, 12 Aesculus hippocastanum 9.160839161
Lindera benzoin 8.671328671
Acer negundo 7.389277389
Ilex verticillata 6.363636364
Tetradium danielle 6.107226107
Viburnum dilatatum 5.361305361
Fraxinus sp. 4.592074592
Lonicera maackii 4.055944056
Ribes rubrum 3.7995338
Magnolia tripetala 3.566433566
Cercis canadensis 3.543123543
Rosa multiflora 3.414918415
Liriodendron tulipifera 2.540792541
Catalpa 2.284382284
Ilex opaca 2.027972028
Ligustrum amurense 2.027972028
Poncirus trifoliata 2.027972028
Cephalotaxus harringtonia 1.771561772
Quercus phellos 1.771561772
Viburnum dentatum 1.771561772
Wisteria chinensis 1.771561772
Rubus phoenicolasius 1.643356643
Total 100
Wetland Woods _28, 29, 30, Lonicera maackii 27.47005988
31 Ligustrum sp. 26.74026946
Acer negundo 9.543413174
Rosa multiflora 9.543413174
Toxicodendron radicans 9.113023952
Fraxinus sp. 4.921407186
Callicarpa japonica 4.622005988
Ligustrum ovalifolium 4.622005988
Celastrus orbiculatus 3.424401198
Total 100
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Habitat_plot # Species List RIV
Penn's Woods_6 Magnolia tripetala 29.968203
Hedera helix 23.131955
Fraxinus sp. 14.010334
Acer negundo 6.5580286
Kerria japonica 6.5580286
Prunus sp. 5.0874404
Fagus grandifolia 3.95469
Allaria petiolata 2.8219396
Lonicera maackii 2.8219396
Celastrus orbiculatus 1.8084261
Cephalotaxus harringtonia 1.6395072
Zelkova serrata 1.6395072
Total 100
Penn's Woods_8 Hedera helix 22.458022
Kerria japonica 14.913713
Allaria petiolata 14.785448
Lonicera japonica 5.1772388
Viburnum prunifolium 4.8274254
Eurybia divaricata 4.6175373
Acer sp. 3.6847015
Lonicera maackii 3.6847015
Aesculus sp. 3.5797575
Circaea lutetiana 3.0900187
Tetradium danielli 2.9617537
Euonymus alatus 1.900653
Celastrus orbiculatus 1.7490672
Prunus sp. 1.7490672
Malus sp. 1.7024254
Vitis sp. 1.7024254
Rubus sp. 1.2476679
Solidago sp. 1.0611007
Ginkgo biloba 0.8745336
Oxalis sp. 0.8745336
Zelkova serrata 0.8745336
Carex sp. 0.8278918
Persicaria virginiana 0.8278918
Polygonum sp. 0.8278918
Total 100
Penn's Woods_13 Persicaria longiseta 11.596714
Euonymus alatus 11.503658
Acer rubrum 10.09819
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Viola sororia 9.3088179
Maianthemum racemosum 8.7986138
Sassafras albidum 7.1749454
Lonicera maackii 6.3085612
Allaria petiolata 5.9844693
Persicaria sp. 5.0250289
Ligustrum amurense 4.3447568
Viola sp. 3.8505968
Evodia danielii 3.3403928
Parthenocissus quinquefolia 3.3403928
Hedera helix 3.0772686
Oxalis sp. 2.3969965
Unknown 2.2269285
Eurybia divaricata 1.6236683
Total 100
Penn's Woods_14 Nyssa sylvatica 36.783634
Convallaria majalis 7.699689
Euonymus alatus 7.1256039
Rubus sp. 6.7682483
Phytolacca americana 4.4657038
Persicaria virginium 3.7902852
Lonicera maackii 3.3138111
Allaria petiolata 2.5002482
Viola sp. 2.4406889
Ageratina altissima 2.2917907
Eurybia divaricata 2.2822778
Lonicera japonica 2.1036
Celastrus orbiculatus 1.9844815
Persicaria longiseta 1.6866852
Vitis sp. 1.5675667
Acer rubrum 1.5080074
Oxalis sp. 1.4484482
Rubus phoenicolasius 1.2900371
Juncus tenuis 0.9922408
Podophyllum peltatum 0.8731222
Solidago sp. 0.8731222
Fraxinus sp. 0.813563
Malus sp. 0.813563
Tetradium danielle 0.813563
Acer japonica 0.7540037
Circaea lutetiana 0.7540037
Maianthemum racemosum 0.7540037
Prunus sp. 0.7540037
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Ulmus sp. 0.7540037
Total 100
Penn's Woods_15 Euonymus alatus 59.954233
Eurybia divaricata 7.6495587
Boehmeria cylindrica 4.7237659
Persicaria virginium 4.4295521
Magnolia tripetala 2.5498529
Fraxinus sp. 2.361883
Hedera helix 2.361883
Viola sp. 2.361883
Acer rubrum 2.267898
Lonicera japonica 2.267898
Tetradium danielle 2.267898
Toxicodendron radicans 2.267898
Unknown 2.267898
Vinca minor 2.267898
Total 100
Penn's Woods_16 Wisteria sp. 23.363844
Fagus grandifolia 17.26087
Lonicera japonica 7.2242563
Acer japonica 6.9084668
Viburnum dilatatum 6.3844394
Nyssa sylvatica 6.3501144
Malus sp. 4.3135011
Euonymus alatus 3.9977117
Ligustrum amurense 2.771167
Acer negundo 2.4897025
Tetradium danielle 2.3844394
Vitis sp. 2.3844394
Carex digitalis 2.1395881
Maianthemum racemosum 1.2974828
Acer rubrum 1.1922197
Acer sp. 1.1922197
Betula lenta 1.1922197
Celastrus orbiculatus 1.1922197
Evodia danielii 1.1922197
Hedera helix 1.1922197
Parthenocissus quinquefolia 1.1922197
Persicaria longiseta 1.1922197
unknown 1.1922197
Total 100
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Penn's Woods_17 Allaria petiolata 15.487149
Celastrus orbiculatus 13.585316
Halesia carolina 7.0734222
Hedera helix 6.9095662
Maianthemum racemosum 6.5174166
Ageratina altissima 6.2338906
Acer sp. 5.6889314
Lonicera maackii 5.5747846
Persicaria longiseta 5.5637381
Euonymus alatus 5.018779
Oxalis sp. 4.3320569
Fraxinus sp. 3.5201414
Toxicodendron radicans 3.3839016
Carex sp. 1.8963105
Aster sp. 1.4931144
Parthenocissus quinquefolia 1.4931144
Rubus phoenicolasius 1.2206348
Acer negundo 0.9481552
Lonicera japonica 0.8119155
Persicaria sp. 0.8119155
Prunus sp. 0.8119155
Unknown 0.8119155
Vitis sp. 0.8119155
Total 100
Penn's Woods_18 Hedera helix 13.094555
Allaria petiolata 12.466039
Halesia carolina 10.200704
Lonicera maackii 10.011288
Rubus phoenicolasius 8.5638847
Euonymus alatus 8.4213447
Ligustrum amurense 5.7647419
Cephalotaxus harringtonia 4.6732101
Acer sp. 4.5660659
Viola sp. 4.3173382
Lonicera japonica 3.9614663
Prunus sp. 3.9375502
Maianthemum racemosum 2.0873991
Persicaria longiseta 1.7908392
Trillium sp. 1.5181954
Berberis thunbergii 1.0436995
Malus sp. 0.9250756
Persicaria virginium 0.9250756
Rhodotypos scandens 0.8657636
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Ribes rubrum 0.8657636
Total 100
Penn's Woods_19 Ageratina altissima 34.100061
Circaea lutetiana 13.045185
Phytolacca americana 9.7177667
Cardamine impatiens 5.9210975
Celastrus orbiculatus 4.750529
Persicaria longiseta 4.5662412
Vinca minor 3.8802812
Acer negundo 2.8769367
Pilea pumila 2.692649
Ulmus sp. 2.3752645
Fagus grandifolia 2.0237526
Parthenocissus quinquefolia 2.0237526
Lonicera maackii 1.8565286
Persicaria sp. 1.5220804
Euonymus alatus 1.3548563
Prunus serrotina 1.3548563
Prunus sp. 1.3548563
Acer rubrum 1.1876322
Vitis sp. 1.1876322
Hedera helix 1.1040202
Oxalis sp. 1.1040202
Total 100
Penn's Woods_20 Nyssa sylvatica 20
Eurybia divaricata 17.352941
Ageratina altissima 13.382353
Fagus grandifolia 9.5588235
Hedera helix 8.3823529
Vinca minor 7.3529412
Evodia danielii 6.1764706
Allaria petiolata 4.8529412
Persicaria longiseta 3.6764706
Celastrus orbiculatus 3.0882353
Helleborus sp. 3.0882353
Liriodendron tulipifera 3.0882353
Total 100
Penn's Woods_21 Allaria petiolata 34.903493
Maianthemum racemosum 11.236213
Hedera helix 10.569853
Lonicera maackii 8.7086397
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Vitis sp. 6.8589154
Euonymus alatus 6.3648897
Acer sp. 4.9977022
Ageratina altissima 4.1130515
Prunus sp. 3.527114
Acer japonica 1.8612132
Evodia danielii 1.8612132
Fraxinus sp. 1.6659007
Phytolacca americana 1.6659007
Toxicodendron radicans 1.6659007
Total 100
Penn's Woods_22 Alliaria petiolata 16.719889
Microstegium vimineum 12.040449
Bidens frondosa 9.8951936
Fraxinus sp. 7.3036928
Ageratina altissima 6.0713993
Acer palmatum 5.1011218
Hedera helix 4.9987718
Impatiens capensis 4.2741341
Acer sp. 3.6518464
Phytolacca americana 3.5208385
Aralia elata 3.3325145
Euonymus alatus 2.6447228
Circaea lutetiana 2.6078769
Rhodotypos scandens 2.6078769
Trillium erectum 2.6078769
Persicaria longiseta 2.5505609
Toxicodendron radicans 2.231229
Urtica dioica 1.1012855
Commelina communis 0.9129616
Eurybia divaricata 0.9129616
Liriodendron tulipifera 0.8187996
Oxalis stricta 0.8187996
Oxalis stricta 0.8187996
Persicaria sp. 0.8187996
Rubus phoenicolasius 0.8187996
Unknown 0.8187996
Total 100
Penn's Woods_23 Euonymus alatus 45.836245
Hedera helix 9.2447007
Lonicera japonica 9.1675402
Lonicera maackii 6.7056837
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Eurybia divaricata 6.6459935
Malus sp. 4.6609306
Carex sp. 3.3703121
Tree base 2.8724086
Cephalotaxus harringtonia 2.3497554
Unknown 2.0025332
Maianthemum racemosum 1.0977172
Circaea lutetiana 1.0205567
Ligustrum amurense 1.0205567
Persicaria virginiana 1.0205567
Vitis sp. 1.0205567
Poa sp. 0.9819765
Viburnum dilatatum 0.9819765
Total 100
Penn's Woods_24 Euonymus alatus 36.809453
Lonicera maackii 10.862629
Alliaria petiolata 8.8404727
Ligustrum ovalifolium 5.3633678
Acer sp. 4.4431315
Fraxinus sp. 4.3692762
Persicaria virginiana 3.9202363
Hedera helix 3.5908419
Malus sp. 3.295421
Circaea lutetiana 3.0339734
Symplocos paniculata 3.0339734
Eurybia divaricata 2.8862629
Maianthemum racemosum 2.2215657
Geum canadense 1.4431315
Parthenocissus quinquefolia 1.4431315
Celastrus orbiculatus 1.1477105
Oxalis stricta 1.1477105
Taxus baccata 1.0738552
Unknown 1.0738552
Total 100
Penn's Woods_25 Acer sp. 16.466165
Eurybia divaricata 14.266917
Evodia danielii 13.834586
Euonymus alatus 13.06391
Persicaria longiseta 7.575188
Vitis sp. 7.575188
Fagus grandifolia 6.6917293
Phytolacca americana 6.6917293
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Malus sp. 4.1729323
Cephalotaxus harringtonia 2.7443609
Unknown 2.7443609
Hedera helix 2.0864662
Prunus serotina 2.0864662
Total 100
Penn's Woods_26 Unknown 38.076923
Acer sp. 21.538462
Maianthemum racemosum 18.846154
Euoynmus alatus 8.8461538
Fagus grandifolia 6.3461538
Malus sp. 6.3461538
Total 100
Penn's Woods_27 Viola sp. 53.923924
Persicaria longiseta 7.987988
Geum canadense 6.4064064
Malus sp. 5.5955956
Ageratina altissima 5.3253253
Acer negundo 4.7847848
Bidens frondosa 3.4734735
Toxicodendron radicans 3.4734735
Boehmeria cylindrica 2.3923924
Fargus grandifolia 2.3923924
Hedera helix 2.1221221
Poa sp. 2.1221221
Total 100
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Habitat_plot # Species Relative CoverIV
Riparian_2 Poa annua 16.44414
Poa sp. 14.86593
Glechoma hederacea 12.66136
Actinomeris alternifolia 10.586
Viola sororia 6.131327
Juncus tenuis 5.263466
Solidago canadensis 4.269471
Ranunculus ficaria 3.908913
Plantago sp. 3.475136
Sagina japonica 2.421766
Veronica sp. 2.264253
Prunella vulgaris 2.208262
Microstegium vimineum 1.928307
Acer sp. 1.732338
Trifolium sp. 1.378856
Ornithogalum umbellatum 1.266874
Ageratina altissima 1.210883
Allium vineale 1.182888
unknown 1.154892
Waldsteinia ternata 1.154892
Boehmeria cylindrica 0.773415
Fraxinus pennsylvanica 0.717424
Acer negundo 0.605442
Artemisia vulgaris 0.605442
Lysimachia nummularia 0.605442
Persicaria virginiana 0.605442
Potentilla canadensis 0.577446
Total 100
Riparian_32 Bambusa sp. 42.18998
Viola sp. 8.052464
Persicairia longiseta 7.976948
Boehmeria cylindrica 6.160572
Ageratina altissima 5.898251
Tetradium daniellii 4.149444
Ulmus sp. 4.149444
Acer sp. 4.014308
Oxalis sp. 4.014308
Celastrus orbiculatus 3.016693
Lonicera maackii 2.011129
Plantago sp. 1.673291
Ampelopsis brevipedunculata 0.870429
Carex sp. 0.870429
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Microstegium vimineum 0.870429
unknown 0.870429
Artemisia vulgaris 0.802862
Chenopodium album 0.802862
Malus sp. 0.802862
Perilla frutescens 0.802862
Total 100
Riparian_33 Ageratina altissima 8.012165
Oxalis sp. 5.144888
Conium maculatum 5.019674
Verbesina alternifolia 4.953987
Verbena urticifolia 4.370483
Artemisia vulgaris 4.270791
Viola sp. 3.762255
Acalypha rhomboidea 3.505667
Perilla frutescens 2.938004
Solidago gigantea 2.922163
Scrophularia marilandica 2.878878
Vitis sp. 2.667895
Lonicera maackii 2.665574
Artemisia annua 2.652053
Duchesnea indica 2.595247
Conyza canadensis 2.195682
Conoclinium coelestinum 2.118394
Unknown 1.845964
Dichanthelium clandestinum 1.823161
Microstegium vimineum 1.775636
Eupatorium serotinum 1.711869
Digitaria sp. 1.609858
Plantago rugelii 1.573534
Phellodendron amurense 1.53721
Rubus phoenicolasius 1.423597
Poaceae 1.353269
Juncus tenuis 1.280621
Ampelopsis brevipedunculata 1.278301
Acer sp. 1.008191
Persicaria longiseta 1.008191
Humulus japonicus 0.985389
Fraxinus sp. 0.912741
Celastrus orbiculatus 0.842413
Galega officinalis 0.840093
Geum canadense 0.806089
Ulmus sp. 0.806089
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Pilea pumila 0.733441
Polygonum bellardi 0.733441
Acer negundo 0.731121
Solanum nigrum 0.694797
Solanum canasense 0.658473
Lobelia siphilitica 0.622149
Allium vineale 0.585825
Platanus occidentalis 0.585825
Taraxacum officinale 0.585825
Malus sp. 0.513177
Prunus sp. 0.513177
Trifolium sp. 0.513177
Amaranthus 0.401884
Arctium minus 0.401884
Oenothera nutans 0.401884
Rumex sp. 0.401884
Setaria lutescens 0.401884
Viola sororia 0.401884
Solidago canadensis 0.329236
Ambrosia artemisiifolia 0.292912
Bidens frondosa 0.292912
Glechoma hederacea 0.292912
Morus sp. 0.292912
Commelina communis 0.256588
Lythrum salicaria 0.256588
Penthorum sedoides 0.256588
Plantago sp. 0.256588
Toxicodendron radicans 0.256588
Setaria pumila 0.238426
Total 100
Riparian_36 Ageratina altissima 24.54136
Glechoma hederacea 15.53753
Verbesina alternifolia 15.17692
Microstegium vimineum 6.966419
Phalaris arundinacea 5.981519
Viola sp. 5.037187
Oxalis sp. 3.912554
Geum canadense 2.88934
Acer sp. 2.812711
Verbena urticifolia 2.62114
Carex sp. 2.071219
Ampelopsis brevipedunculata 1.329727
Persicaria longiseta 1.329727
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Urtica dioica 1.329727
Aegopodium podagraria 0.971377
Rumex sp. 0.894749
Solidago gigantea 0.894749
Sicyos angulatus 0.81812
Acer negundo 0.741492
Celastrus orbiculatus 0.741492
Duchesnea indica 0.741492
Commelina communis 0.664864
Fraxinus sp. 0.664864
Lonicera maackii 0.664864
Symphytum officinale 0.664864
Total 100
Riparian_39 Ageratina altissima 19.36961
Ampelopsis brevipedunculata 11.52171
Pilea pumila 9.438376
Solidago gigantea 8.190399
Carex sp. 6.523058
Bohemeria cylindrica 5.273732
Oxalis sp. 4.023058
Persicaria virginiana 3.678533
Acer sp. 3.537621
Aegopodium podagraria 3.122977
Bidens sp. 2.289644
Lonicera maackii 1.942422
Microstegium vimineum 1.734088
Glechoma hederacea 1.665318
Viola sp. 1.38754
Rumex sp. 1.318096
Unknown 1.248652
Arctium sp. 1.179207
Geum canadense 1.179207
Duchesnea indica 1.109763
Rhamnus cathartica 1.109763
Poaceae 0.832659
Rudbeckia lanceolata 0.832659
Parthenocissus quinquefolia 0.763215
Phytolacca americana 0.763215
Toxicodendron radicans 0.763215
Juglans nigra 0.69377
Lycopus uniflorus 0.624326
Acer negundo 0.554881
Allaria petiolata 0.554881
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Allium vineale 0.554881
Equisetum arvense 0.554881
Fraxinus sp. 0.554881
Humulus japonicus 0.554881
Iris pseudacorus 0.554881
Total 100
Riparian_43 Glechoma hederacea 19.77758
Ampelopsis brevipedunculata 15.22503
Solidago gigantea 13.66415
Lonicera japonica 7.982859
Dactylis glomerata 6.724043
Ageratina altissima 6.679963
Poaceae 5.725373
Artemisia vulgaris 4.858943
Parthenocissus quinquefolia 3.844375
Rhamnus cathartica 2.733698
Elymus virginicus 2.169326
Acer sp. 1.466933
Iris pseudacorus 0.95459
Juglans sp. 0.95459
Toxicodendron radicans 0.95459
Celastrus orbiculatus 0.824517
Cirsium arvense 0.824517
Cornus sericea 0.824517
Viola sp. 0.824517
Phytolacca americana 0.772488
Solanum sp. 0.746474
Vitis sp. 0.746474
Malus sp. 0.720459
Total 100
Riparian_44 Equisetum arvense 26.66727
Artemisia vulgaris 23.355
Ampelopsis brevipedunculata 15.93475
Solidago gigantea 7.444926
Lonicera maackii 3.918081
Cornus sericea 2.71217
Carex hirta 2.50331
Robinia pseudoacacia 1.812327
Rhamnus cathartica 1.773203
Celastrus orbiculatus 1.655832
Malus sp. 1.597147
Persicaria longiseta 1.577585
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Viola sp. 1.577585
Toxicodendron radicans 1.160467
Acalypha rhomboidea 0.788793
Acer saccharinum 0.788793
Ageratina altissima 0.788793
Allaria petiolata 0.788793
Ligustrum sp. 0.788793
Microstegium vimineum 0.788793
Parthenocissus quinquefolia 0.788793
Ulmus sp. 0.788793
Total 100
Riparian_45 Toxicodendron radicans 31.97389
Allium vineale 10.10748
Phalaris arundinacea 9.655968
Dactylis glomerata 9.525913
Elymus virginicus 7.1702
Ampelopsis brevipedunculata 5.226737
Iris pseudacorus 4.897919
Solidago gigantea 4.355614
Allaria petiolata 3.972811
Lonicera japonica 1.860031
Ageratina altissima 1.801139
Persicaria longiseta 1.683353
Hedera helix 1.447782
Microstegium vimineum 1.447782
Unknown 0.988909
Boehmeria cylindrica 0.871123
Lonicera maackii 0.81223
Prunus serotina 0.753337
Cardamine hirsuta 0.723891
Cardamine impatiens 0.723891
Total 100
Riparian_46 Toxicodendron radicans 17.63215
Carex hirta 8.816214
Phalaris arundinacea 7.748808
Celastrus orbiculatus 6.971102
Ampelopsis brevipedunculata 6.873889
Microstegium vimineum 6.602467
Lonicera japonica 5.622303
Allium vineale 5.18886
Ageratina altissima 3.833968
Fraxinus sp. 2.720031
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Zelkova serrata 2.687627
Allaria petiolata 2.395987
Acer negundo 2.001041
Hedera helix 1.903828
Acer rubrum 1.541287
Solanum nigrum 1.541287
Unknown 1.541287
Metasequoia glyptostroboides 1.411669
Juglans sp. 1.399483
Dactylis glomerata 1.373171
Lapsana communis 1.308363
Oxalis stricta 1.243554
Geum canadense 1.113936
Cercis canadensis 1.081532
Lonicera maackii 1.049127
Prunus serotina 0.951914
Viola sp. 0.951914
Ranunculus sp. 0.556968
Tillia tomentosa 0.556968
Ilex opaca 0.459755
Liriodendrom tulipifera 0.459755
Vitis sp. 0.459755
Total 100
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Habitat_plot # Species List RIV
Taylor Woods_3 Toxicodendron radicans 13.334469
Fallopia japonica 8.8570455
Ranunculus ficaria 8.7183108
Lysimachia nummularia 8.6306744
Ornithogalum umbellatum 8.6262788
Matteuccia struthiopteris 8.0845265
Viola sororia 6.9526708
Hedera helix 5.6069439
Actinomeris alternifolia 3.2332062
Cryptotaenia canadensis 2.7249701
Ampelopsis brevipedunculata 2.2620631
Carex sp. 2.2065692
Acer negundo 2.1466797
Carex blanda 2.0678344
Carex amphibola 1.9612422
Poa annua 1.6049274
Sambucus canadensis 1.3785563
Ageratina altissima 1.1288337
Duchesnea indica 1.0733399
Acer sp. 1.0594664
Allium vineale 1.0317194
Cardamine impatiens 1.0317194
Celastrus orbiculatus 0.6337842
Vitis sp. 0.6337842
Cornus amomum 0.6060373
Lactuca candadensis 0.6060373
Narcissus sp. 0.5782903
Lonicera maackii 0.5505434
Oxalis sp. 0.5505434
Viola pubescens 0.5505434
Acer japonica 0.5227965
Geum canadense 0.5227965
Waldsteinia ternata 0.5227965
Total 100
Taylor Woods_4 Pachysandra terminalis 60.769041
Acer negundo 10.544016
Stellaria media 7.8461919
Glechoma hederacea 5.1978239
Vitis sp. 3.898368
Fraxinus sp. 1.348912
Allaria petiolata 1.299456
Microstegium vimineum 1.299456
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Oxalis sp. 1.299456
Plantago sp. 1.299456
Poa sp. 1.299456
Trifolium sp. 1.299456
Unknown 1.299456
Zelkova serrata 1.299456
Total 100
Taylor Woods_5 Matteuccia struthiopteris 32.13207
Vinca minor 7.4450653
Duchesnea indica 6.6831534
Acer negundo 6.1379597
Pilea pumila 5.9401193
Allaria petiolata 5.6305218
Poa pratensis 5.5633165
Carex blanda 3.7487729
Gallium aparine  2.4484633
Fraxinus sp. 2.0150268
Hedera helix 1.9221475
Fallopia japonica 1.5600695
Poa sp. 1.5385487
Persicaria virginiana 1.374311
Microstegium vimineum 1.3123915
Pachysandra terminalis 1.3123915
Ranunculus ficaria 1.2814317
Celastrus orbiculatus 1.2289511
Narcissus sp. 0.9193536
Toxicodendron radicans 0.9193536
Glechoma hederacea 0.7955146
Carex amphibola 0.7335951
Poaceae sp. 0.7335951
Actinomeris alternifolia 0.6716756
Allium vineale 0.6716756
Cardamine impatiens 0.6716756
Hosta sp. 0.6716756
Lonicera maackii 0.6716756
Oxalis stricta 0.6716756
Parthenocissus quinquefolia 0.6716756
Malus sp. 0.6407158
Stellaria media 0.6407158
Vitis sp. 0.6407158
Total 100
Taylor Woods_7 Matteuccia struthiopteris 46.019328
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Zelkova serrata 10.48404
Allaria petiolata 8.7102037
Pachysandra terminalis 8.3221771
Aegopodium podagraria 6.6837845
Acer sp. 6.048404
Microstegium vimineum 3.9953144
Hedera helix 3.6606284
Unknown 2.0530896
Circaea lutetiana 1.969941
Quercus sp. 1.054261
Prunus sp. 0.9988286
Total 100
Taylor Woods_9 Parthenocissus quinquefolia 33.212321
Persicaria longiseta 7.9922992
Hedera helix 7.5577558
Fraxinus sp. 6.8206821
Ageratine altissima 4.6864686
Allaria petiolata 4.6809681
Cardamine impatiens 4.0319032
Toxicodendron radicans 4.0319032
Circaea lutetiana 3.7678768
Acer sp. 3.1078108
Stellaria media 2.8162816
Duchesnea indica 2.750275
Carex amphibola 2.5247525
Oxalis stricta 2.4862486
Geum canadense 2.1947195
Cardamine sp. 1.7051705
Lindera benzoin 1.6391639
Carex sp. 1.5071507
Acer negundo 1.2431243
Ampelopsis brevipedunculata 0.6215622
Impatiens capensis 0.6215622
Total 100
Taylor Woods_10 Asarum canadense 45.637472
Hedera helix 10.300994
Urtica dioica 7.654254
Toxicodendron radicans 5.5063872
Aegopodium podagraria 4.9010604
Rubus phoenicolasius 3.9325374
Viola sp. 3.7509393
Allaria petiolata 2.8283376
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Lonicera japonica 2.8283376
Parthenocissus quinquefolia 2.2083994
Glechoma hederacea 2.0873341
Acer sp. 1.814937
Circaea lutetiana 1.814937
Ampelopsis brevipedunculata 0.9831343
Duchesnea indica 0.9831343
Cardamine sp. 0.9226017
Cephalotaxus harringtonia 0.9226017
Persicaria sp. 0.9226017
Total 100
Taylor Woods_11 Matteuccia struthiopteris 36.214286
Fallopia japonica 13.119048
Allaria petiolata 5.9404762
Ageratine altissima 5.7261905
Acer sp. 5.6904762
Oxalis stricta 5.4880952
Glechoma hederacea 4.2857143
Persicaria virginiana 3.6547619
Zelkova serrata 3.2619048
Hedera helix 1.9285714
Aegopodium podagraria 1.8333333
Celastrus orbiculatus 1.5833333
Ranunculus ficaria 1.5119048
Euonymus alatus 1.4047619
Duchesnea indica 1.297619
Lonicera maackii 0.8809524
Persicaria sp. 0.8095238
Acer negundo 0.7380952
Circaea lutetiana 0.7380952
Celandine poppy 0.6666667
Parthenocissus quinquefolia 0.6666667
Poa sp. 0.6666667
Evodia danielii 0.6309524
Quercus sp. 0.6309524
Vitis sp. 0.6309524
Total 100
Taylor Woods_12 Pachysandra terminalis 44.074253
Vinca minor 33.204757
Lonicera maackii 9.5596271
Hedera helix 5.6268081
Acer sp. 3.4056573
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Euonymus alatus 2.4381228
Allaria petiolata 1.6907747
Total 100
Appendix 3: Botanical Survey 2014- Herbaceous Data, Wetland
Habitat_plot # Species List RIV
Wetlands_47 Digitaria sanguinalis 21.376288
Urtica dioica 19.131855
Echinochloa crusgalli 11.329821
Setaria pumila 10.156192
Phalaris arundinacea 4.8923445
Glechoma hederacea 4.7819286
Unknown 4.2652742
Euphorbia pilosa 3.6218715
Rumex obtusifolius 3.4569378
Oxalis stricta 3.4010397
Solanum nigrum 2.0222212
Persicaria punctata 1.4340265
Leersia oryzoides 1.361106
Calystegia sepium 1.3236106
Morus sp. 1.3052079
Bidens cernua 0.7722212
Cirsium arvense 0.6986106
Solanum carolinense 0.6986106
Symphytum officinale 0.6986106
Brassica nigra 0.6618053
Hibiscus moscheutos 0.6618053
Lysimachia nummularia 0.6618053
Asclepias sp. 0.6434026
Eupatorium perfoliatum 0.6434026
Total 100.00
Wetlands_48 Phalaris arundinacea 53.335558
Amorpha fruticosa 12.818505
Carex sp. 9.2570248
Eleocharis palustris 6.1518812
Leersia oryzoides 5.6345712
Juncus effusus 3.8624957
Boehmeria cylindrica 3.3451857
Asclepias incarnata 2.2097994
Hibiscus moscheutos 1.6924894
Sagittaria latifolia 1.6924894
Total 100
Wetlands_49 Phalaris arundinacea 44.005611
Persicaria sp. 9.4522945
Setaria pumila 8.6132345
Boehmeria cylindrica 5.9622166
Urtica dioica 5.9152446
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Calystegia sepium 4.3117649
Phragmities australis 3.9939001
Digitaria sanguinalis 3.5421975
Setaria viridis 3.3684658
Ampelopsis brevipedunculata 2.8942424
Lythrum salicaria 2.4425398
Vitis sp. 2.3730471
Acer saccharinum 2.0255836
Sagittaria latifolia 1.0996577
Total 100
Wetlands_50 Toxicodendron radicans 16.394053
Juncus effusus 9.7718294
Impatiens capensis 8.0177639
Epilobium coloratum 6.3283005
Lysimachia vulgaris 6.04926
Lysimachia nummularia 5.7986308
Persicaria sagittata 5.1040737
Carex lurida 4.5529264
Geum canadense 4.5026991
Solidago gigantea 4.2163866
Eleocharis palustris 3.9731986
Apocynum cannabinum 3.1712531
Malus sp. 2.6557892
Vernonia noveboracensis 2.541298
Acer saccharinum 2.1547001
Phragmities australis 2.1547001
Persicaria punctata 2.1510641
Lycopus virginicus 2.1332224
Eupatorium perfoliatum 1.460312
Juncus tenuis 1.1095665
Boehmeria cylindrica 0.8733122
Carex sp. 0.8232541
Calystegia sepium 0.8196181
Ampelopsis brevipedunculata 0.6084774
Lonicera japonica 0.6084774
Scirpus cyperinus 0.6084774
Crotalaria sagittalis 0.5010891
Phalaris arundinacea 0.5010891
Mimulus rigens 0.4151785
Total 100
Wetlands_51 Lysimachia nummularia 20.78551
Juncus effusus 9.0122407
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Phragmities australis 6.7629638
Solidago gigantea 6.5376737
Lycopus americanus 4.6600081
Scirpus georgianus 3.9123095
Acer saccharinum 3.444465
Geum canadense 3.3264915
Carex lurida 3.062623
Juncus tenuis 3.037792
Eupatorium perfoliatum 3.0102968
Carex lupulina 2.8373329
Epilobium coloratum 2.5566262
Impatiens capensis 2.1552817
Persicaria sagittata 1.8940775
Pilea pumila 1.7978443
Carex sp. 1.6000494
Ranunculus sp. 1.4652378
Prunella vulgaris 1.3800879
Leucothoe racemosa 1.3250976
Paspalum sp. 1.2590239
Bidens tripartita 1.2177811
Agrimonia parviflora 1.1326312
Vitis sp. 1.1326312
Crotalaria sagittalis 1.1051361
Lythrum salicaria 1.0776409
Penthorum sedoides 0.9676601
Iris pseudacorus 0.9375007
Toxicodendron radicans 0.9375007
Rumex sp. 0.8851746
Persicaria punctata 0.871427
Mimulus rigens 0.6625488
Cyperus strigosus 0.5250728
Saururus cernuus 0.5250728
Persicaria longiseta 0.4700825
Typha latifolia 0.4700825
Lobelia siphilitica 0.4425873
Artemisia vulgaris 0.4150921
Cyperus lupulinus 0.4013445
Total 100
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Habitat_plot # Species List RIV
WW_28 Lysimachia nummularia 13.84709651
Viola sp. 10.6712126
Ageratina altissima 8.105025601
Toxicodendron radicans 7.426169041
Boehmeria cylindrica 7.341842801
Persicaria virginiana 7.326676212
Geum canadense 6.033876095
Persicaria longiseta 4.131379068
Carpinus caroliniana 3.953019971
Cryptotaenisa canadensis 3.467689097
Poa sp. 3.026644665
Acer sp. 2.69479968
Ligustrum sp. 2.362954694
Acer negundo 1.887330438
Duchesnea indica 1.887330438
Lamiaceae sp. 1.852750613
Carex sp. 1.708971341
Actinomeris alternifolia 1.614938484
Rosa multiflora 1.614938484
Lonicera maackii 1.377126356
Prunus sp. 1.377126356
Solidago sp. 1.258220292
Malus sp. 1.19876726
Oxalis sp. 1.19876726
Symphyotrichum prenanthoides 0.866922274
Fagus grandifolia 0.629110146
Unknown 0.569657114
Vitis sp. 0.569657114
Total 100
WW_29 Lysimachia nummularia 41.47586634
Ligustrum sp. 6.452218883
Cryptotaenisa canadensis 5.88644802
Viola sp. 5.819041726
Persicaria virginiana 5.320677157
Boehmeria cylindrica 4.401299505
Rosa multiflora 4.317317893
Geum canadense 3.902934936
Toxicodendron radicans 3.899619873
Carex sp. 3.050963579
Duchesnea indica 2.626635431
Persicaria longiseta 2.626635431
Ampelopsis brevipedunculata 1.064135431
Fraxinus sp. 1.064135431
Ageratina altissima 0.922692716
Amphicarpaea bracteata 0.922692716
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Lonicera maackii 0.922692716
Quercus sp 0.922692716
Unknown 0.922692716
Vitis sp. 0.922692716
Malus sp. 0.851971358
Poa sp. 0.851971358
Taraxacum sp. 0.851971358
Total 100
WW_30 Glechoma hederacea 27.3099771
Lonicera maackii 6.841361294
Solidago sp. 5.350582117
Geum canadense 5.174634984
Actinomeris alternifolia 4.658125775
Persicaria virginiana 4.527805611
Lysimachia nummularia 3.947776505
Oxalis sp. 3.279773833
Toxicodendron radicans 3.142892929
Carex sp. 3.033746064
Ageratina altissima 2.966945796
Ligustrum sp. 2.742091326
Elymus virginicus 2.520517225
Verbena urticifolia 2.386916691
Malus sp. 2.320116423
Viola sp. 2.253316156
Poa sp. 2.119715622
Symphytum officinale 1.873687852
Ampelopsis brevipedunculata 1.67328705
Rhamnus cathartica 1.448432579
Artemisia vulgaris 1.42725928
Fraxinus sp. 1.114431243
Plantago sp. 1.093257944
Agrimonia parviflora 0.780429907
Bidens frondosa 0.646829373
Cryptotaenisa canadensis 0.646829373
Rosa multiflora 0.580029106
Ulmus sp. 0.580029106
Boehmeria cylindrica 0.513228839
Euphorbia pilosa 0.513228839
Evodia danielii 0.513228839
Persicaria longiseta 0.513228839
Unknown 0.513228839
Viburnum dilatatum 0.513228839
Allium vineale 0.479828705
Total 100
WW_31 Toxicodendron radicans 25.60610982
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Viola sp. 9.344500716
Lonicera maackii 7.841407415
Lysimachia nummularia 5.111698436
Rosa multiflora 4.834113426
Allium vineale 4.833744297
Geum canadense 4.718206919
Carex sp. 4.648810666
Malus sp. 3.781357509
Ligustrum sp. 3.469443501
Elymus virginicus 2.613433343
unknown 2.613433343
Oxalis sp. 2.54403709
Persicaria virginiana 2.220310954
Solidago sp. 2.012122196
Evodia danielii 1.873329691
Boehmeria cylindrica 1.769235312
Ageratina altissima 1.480207303
Cryptotaenisa canadensis 1.480207303
Carex blanda 1.087084914
Carex lupulina 0.670707399
Persicaria longiseta 0.670707399
Plantago sp. 0.670707399
Ampelopsis brevipedunculata 0.601311146
Circaea lutetiana 0.601311146
Quercus sp. 0.601311146
Rhamnus cathartica 0.601311146
Acer sp. 0.56661302
Lonicera japonica 0.56661302
Microstegium vimineum 0.56661302
Total 100
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Management	Unit:	Bald	Cypress	Woods	
	
Spring		
(March‐May)	
Summer		
(June‐August)	
Fall		
(September‐November)	
Winter		
(December‐February)	
As	Needed	
Select	and	request	
approval‐	Removal	of		
several		Acer	negundo,	
Acer	platanoides,		
Catalpa	sp.,		Lonicera	
maackii		and	Paulownia	
sp.	*1	
	
Weed	control‐	Alliaria	
petiolata	prior	to	plant	
setting	seed	
	
Remove‐		Several	
Acer	negundo,	Acer	
platanoides,	Catalpa	
sp.	and	Paulownia	
sp.(after	July	15th)	*1	
Ensure	deer	protection	on	
all	young	plants	
	
Scout‐	Acer	platanoides	
	
Weed	control‐	
Toxicodendron	radicans	in	
recently	disturbed	areas	
(broadleaf	herbicide)	
	
Restoration	planting	*1	
Weed	control‐	woody	
invasive	plants 
	
Pruning	young	plants	
	
Watering	young	
plants	
	
	
Potential	Projects:		
	
A	management	plan	for	mature	tree	care	is	needed	within	the	Bald	Cypress	Swamp.		There	are	several	old	trees	and	
potential	hazard	trees	which	need	an	assessment.		
	
An	improved	circulation	tying	in	with	the	Riparian	Corridor	will	need	to	tie	in	with	the	Bald	Cypress	Swamp.			
	
*1	Restore	areas	where	nonnative,	invasive	plants	were	removed	with	native	vegetation.	Plants	for	this	area	should	
include	native	trees,	shrubs	and	herbaceous	plants	including	Carex	sp.	$$	
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Management	Unit:	Meadows	
Spring	(March‐May)	 Summer	(June‐August)	 Fall	(September‐
November)	
Winter	
(December‐
February)	
Mow	(March	15)	north	portion	of	north	entrance	
meadows,	first	third	of	west	entrance	meadow	
	
Mow	(July	15)	north	
entrance	meadow,	2/3	
west	entrance	meadow,		
	
Mow	(August	15)	wetland	
meadow	
	
	 Mow	(January	1)	
sheep	meadow	
and	wetland	
meadows	
Weed	control‐	chemical	control	in	priority	
meadow	sections	
	
Chemical	weed	control	(several	weeks	after	mow)	
Ampelopsis	brevipedunculata,	Artemisia	vulgaris,	
Cirsium	arvense,	Galega	officinalis,	Lonicera	
japonica,	Lythrum	salicaria,	Phalaris	arundinacea,	
Rosa	multiflora	
	
Explore	methods	for	weed	control	in	meadows:	
Alliaria	petiolata,	Microstegium	vimineum,	Phalaris	
arundinacea,	Ranunculus	ficaria	
Chemical	weed	control	
(several	weeks	after	mow)		
	
Restoration	
planting*1	
	
Seed	collection		
	
Potential	Projects:	
Prioritize	meadow	areas	for	focus	of	weed	control.		
	
*	Revive	the	meadows	to	contain	a	diversity	of	native	species	and	structure.	$$$	
*1	Supplement	areas	where	nonnative,	invasive	plants	were	removed	with	native	vegetation.	$	
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Management	Unit:	Penn’s	Woods	
	
Spring	(March‐May)	 Summer	(June‐
August)	
Fall	(September‐November)	 Winter	(December‐
February)	
As	Needed	
	
Weed	control‐	
Alliaria	petiolata	
prior	to	plant	setting	
seed	
	
Trail	maintenance‐	
clear	out	drains	of	
debris	
	
Weed	control‐	
herbaceous	plants:		
Hedera	helix,	
Lonicera	japonica,	
Microstegium	
vimineum,	Vinca	
minor	
Tree	removals‐	Acer	
platanoides,	
Tetradium	daniellii,	
Phellodendron	
amurense	(after	July	
15)	
Remove	fruits	of	woody	invasive	
plants	
	
Weed	control‐	woody	invasive	
plants:	Akebia	quinata,	Aralia	
elata,	Euonymus	alatus,	Berberis	
thunbergii,	Celastrus	orbiculatus,	
Cephalotaxus	harringtonia,	
Ligustrum	ovalifolium,	Lonicera	
maackii,	Rhamnus	cathartica,	
Rhodotypos	scandens,	Symplocos	
paniculata,	Viburnum	dilitatum	
(Volunteers)	
	
Scout‐	Acer	platanoides		
	
Restoration	planting	*1	
Weed	control‐	woody	
invasive	plants	
	
Hazardous	tree	
assessment		
	
Trail	maintenance‐	
clear	out	drains	on	
debris	
	
Prune	young	trees	
Trail	
maintenance		
	
Watering	
young	trees	
	
	
	
	
	
	
	
	
	
	
	
	
Potential	Projects:	
	
A	plan	for	mature	tree	care	is	needed	within	this	unit.		There	are	several	old	specimens	and	potential	hazards	which	need	
an	assessment.		
	
*1	Increase	the	amount	and	diversity	of	native	trees,	shrubs	and	herbaceous,	deer	resistant,	plants.	$$	
*	Install	a	large	scale	deer	exclosure(s).	$$$	
	
*	Address	the	drainage	issue	at	the	gravel	area	below	the	Widener	Visitor	Center.	$$	
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Management	Unit:	Riparian	Corridor	
Spring	(March‐May)	 Summer	(June‐
August)	
Fall	(September‐
November)	
Winter	(December‐
February)	
As	Needed	
	
Weed	control‐	Ampelopsis	
brevipedunculata,	Cirsium	
arvense,	Celastrus	orbiculatus,	
Fallopia	japonica,		Galega	
officinalis,	Lythrum	salicaria,	
Humulus	japonicus,		
Weed	control‐	Alliaria	
petiolata	prior	to	plant	setting	
seed	
	
Live	stake	Cornus	sericea	from	
entrance	bed	into	PMR	North		
Prune	Betula	nigra	to	
maintain	views	to	the	
wheel	and	entrance		
	
Remove	nonnative,	
invasive	species	from	
Wissahickon	Corridor,	
PMR	N,	PMR	E,	PMR	
S*1	
Selectively	mow	after	
frost	to	avoid	yellow	
jacket	nests,	PMR	N,	
PMR	E,	PMR	S	
	
Scout‐	Phellodendron	
amurense,	Tetradium	
daniellii	
	
Prune	young	trees		
	
Restoration	
planting*1	
Remove‐		
Catalpa	
bignonioides,	
Phellodendron	
amurense,	
Tetradium	
daniellii	
	
Cleanup	debris	
around	base	of	
plants	that	
collects	after	
heavy	rain	
Potential	Projects:	
	
Reduce	areas	of	compaction	which	may	require	relocating	pedestrian	and	maintenance	path.		
	
*1	Remove	nonnative,	invasive	plants	and	restore	Wissahickon	Corridor,	PMR	N,	PMR	E,	PMR	S	with	native	trees	and	
shrubs.			
	
*	Remove	nonnative,	invasive	plants	and	restore	PMR	W	with	native	vegetation.	Explore	management	options	to	reduce	
invasive	plants	while	preserving	patches	of	Podophyllum	peltatum	that	occur	within	PMR	W.	$$	
	
*	Expand	riparian	corridors	with	native	trees	and	shrubs.	$	
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Management	Unit:	South	Woods	
Spring	(March‐May)	 Summer	(June‐August)	 Fall	(September‐
November)	
Winter	(December‐
February)	
As	Needed	
	
Weed	control‐	
Alliaria	petiolate	
prior	to	plant	setting	
seed	
	
Select	and	request	
approval‐	Removal	of		
several		Acer	
negundo*1	
	
Weed	control‐	
herbaceous	plants:		
Hedera	helix,	Lonicera	
japonica,	Microstegium	
vimineum,	Vinca	minor	
Remove‐		Acer	
negundo,	Zelkova	
serrata	(after	July	
15)*1		
Weed	control‐	woody	
invasive	plants:	
Cephalotaxus	harringtonia,	
Lonicera	maackii,	
Ligustrum	amurense,	Rosa	
multiflora,	Rubus	
phoenicolasius	and	Wisteria	
chinensis	
	
Scout‐	Acer	platanoides		
	
Restoration	planting*1	
Weed	control‐	woody	
invasive	plants	
	
Hazardous	tree	
assessment		
	
Prune	young	trees	
Watering	young	
trees	
	
Potential	Projects:	
	
*	Increase	the	understory	layer	with	native	trees,	shrubs	and	herbaceous,	deer	resistant,	plants.	$	
	
*1	Restore	areas	where	nonnative,	invasive	plants	were	removed	with	native	vegetation.	Plants	for	this	area	should	include	
native	trees,	shrubs	and	herbaceous	plants	including	Carex	sp.	$$	
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Management	Unit:	Wetlands	
Spring	(March‐May)	 Summer	(June‐August)	 Fall	(September‐
November)	
Winter	(December‐
February)	
Water	level:	Mar.	normal,	
Apr.	low,	May	normal	
	
Select	and	request	
approval‐	Removal	of		
several	accessioned	trees	to	
thin	canopy	in	more	formal	
sections	of	the	Wetlands	
	
Weed	control‐	spray	rings	
around	trees	and	shrubs	
	
	
Water	level:	June	normal,	July	lower,	Aug.	
lower	
	
Weed	control‐	cut	cattails,	Typha	latifolia,	
twice	(late	July,	late	Aug.)	
	
Weed	control‐	below	dead	oak	tree	(see	
below)	
	
Mowing	should	not	precede	July	15th	nor		
exceed		September	15th		
	
Weed	control‐	spray	rings	around	trees	
and	shrubs	
Water	level:	Sept.	
normal,	Oct.	lower,	Nov.	
normal	
	
Prune	young	trees	
	
Planting*1	
Water	level:	Dec.	normal,	
Jan.	normal,	Feb.	low	
	
	
Potential	Projects:	
Improve	the	circulation	for	vehicle	and	pedestrian	access.			Address	issues	of	root	compaction	and	limb	up	tree	branches	along	
paths.	Consider	restoring	the	path/turf	area	near	Paper	Mill	Run	Bridge	with	meadow	or	shrubs.	
	
Develop	plans	for	improving	connection	between	the	wetlands	and	the	woodland	trail.		Experiment	with	mowing	regime	and	
research	tread	materials	for	the	link	between	the	wetlands	and	woodland	trail.		
	
Weed	control	in	the	area	below	the	large	dead	oak.	Mow	in	late	July	(when	dry)	followed	by	a	selective	broadleaf	application	
targeting:		Ampelopsis	brevipedunculata,	Galega	officinalis,	Iris	pseudacorus,	Lonicera	japonica,	Lysimachia	vulgaris,	Lythrum	
salicaria,	Phalaris	arundinacea	Phragmites	australis	and	Toxicodendron	radicans.	Consult	a	professional	from	NLT	etc.	to	
determine	potential	negative	impacts.	They	may	suggest	no	mowing	and	a	spring	application	of	herbicide.	Or	try	treatment	
within	a	small	section	and	monitor	response.	
	
*1	Expand	the	planted	area	and	increase	vertical	structure	on	the	outer	path.		
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Management	Unit:	Wetland	Woods		
Spring	(March‐May)	 Summer	(June‐August)	 Fall	(September‐
November)	
Winter	(December‐
February)	
As	Needed	
	
Weed	control‐	Alliaria	
petiolata	prior	to	plant	
setting	seed	
	
Prepare‐	planting		
areas*1	
Remove	fruits	of	
woody	invasive	plants	
	
Weed	control‐	
Toxicodendron	radicans	
in	recently	disturbed	
areas	or	planting	areas	
(broadleaf	herbicide)	
	
Plant	
	
	
	
	
	
Weed	control‐	woody	
invasive	plants:		
Ampelopsis	
brevipedunculata,	
Callicarpa	japonica,	
Celastrus	orbiculatus,	
Ligustrum	ovalifolium,	
Lonicera	maackii,	Rosa	
multiflora	and	
Rhamnus	cathartica.		
	
Prune	young	trees	
Watering	young	plants	
Potential	Projects:	
	
*1	Incorporate	native	canopy	species	and	showy	native	trees	and	shrubs	within	the	Wetland	Woods.	$	
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Additional	Area:	Entrance	Beds	
Spring	(March‐May)	 Summer	(June‐August)	 Fall	(September‐
November)	
Winter	(December‐
February)	
As	Needed	
	
Weed	control	
	
Meadow	cut	backs	
(after	March	15th)	
	
Lightly	mulch	tree	
circles	and	bed		prior	
to	Mothers	Day	
Weekend		
	
Plant*1	
Weed	control	
	
Lightly	mulch	tree	
circles	and	bed		prior	
to	Moonlight	and	
Roses		
	
Cut	back	Sorghastrum	
nutans		(July	15th	)	
	
Weed	control	
	
	
	
Weed	control	
	
Perennial	cut	backs	in	main	
entrance	bed	
	
Potential	Projects:	
	
*1	Add	additional	herbaceous	plants	to	compliment	the	entrance	planting	including	Lonicera	sempervirens.	$	
	
Appendix	5:	Management	Action	Plan	and	Proposed	Projects	2015	
   
*Indicates	management	action	to	take	place	upon	the	approval	from	upper	management,	further	design	and	monetary	funding.		
 
 
	
	
	
	
	
	
	
	
	
	
	
	
Additional	Area:	Greenhouse		Beds	
Spring	(March‐May)	 Summer	(June‐August)	 Fall	(September‐November)	 Winter	(December‐February)	
	
As	Needed	
	
Weed	control	
	
Weed	control	
	
Mulch	with	wood	chips	
Weed	control	 Weed	control	
	
Perennial	cut	backs	
	
Potential	Projects:	
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Additional	Area:	Turf	
Spring	(March‐May)	 Summer	(June‐August)	 Fall	(September‐November)	 Winter	(December‐February)	
Repair	turf	
	
Aerate		
	
Over	seed		
	
	 Aerate		
	
Over	seed	
Leaf	cleanup	
Potential	Projects:	
Improve	the	turf	area	at	the	front	entrance.		
